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MEDICAL GENETICS IN DENMARK DURING RECENT YEARS 


By TAGE KEMP 


The future development and genetic composi- 
tion of a human population are.dependent on a 
variety of factors, hereditary as well as environ- 
mental, endogeneous as well as exogeneous. A 
very important group of these factors which 
determines the fate and survival of a race or a 
nation is composed of hereditary deficiencies, ab- 
normalities and diseases occurring in the popu- 
lation. 

This is why the study of hereditary lesions is 
of so great consequence for population problems, 
human genetics, medical statistics, public health, 
clinical, preventive and social medicine, socio- 
logy and politics. In democratic countries during 
recent years, an increasing social conciousness 
has been manifesting itself, a growing feeling 
that society must make living conditions tolerable 
for everybody; this has necessitated the study of 
hereditary diseases, and not least of their pre- 
valence in the population. It is of importance to 
governments and social authorities to know the 
number of people who, because of hereditary 
lesions, are socially incapacitated and have to be 
given social relief, to be treated, or to be placed 
in hospitals or institutions. 

The study of the defective traits is an essential 
part of medical genetics. It is fundamental for 
investigations on the significance of mutation as 
a cause of disease, and on the way hereditary 
lesions arise through mutation; for investigations 
on their mutation rate and on the manifestation, 
penetrance and expressivity of pathological genes; 
and for studies on the distribution of these genes 
through the generations in the various social 
strata and geographical localities. These proces- 
ses are dependent on the effects of selection, 
assortative mating, intermarriage, isolates, selec- 
tive emigration, immigration and deportation, 
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race discrimination, differential fertility, genetic 
drift and other similar factors. 

During recent years two outstanding genetic 
psychiatric studies have taken place in Denmark; 
viz., one based on census investigations by 
Strömgren (1938) and one using sampling 
methods by Fremming (1947). 

Strömgren made a census among the ca. 
40,000 inhabitants of the Danish island of Born- 
holm, situated in a rather isolated area in the 
Baltic Sea, relatively near Sweden. The popula- 
tion on the island is very homogenous, and there 
is no intermarrying of any importance. St r ö m- 
gren attempted to count and identify all psy- 
chotic, expsychotic or mentally defective persons 
living on the island at a certain date. Furthermore, 
Strömgren made a more thorough census of 
a small district of Bornholm, inhabited by about 
1,000 persons, where it was easy to get adequate 
information about every individual inhabitant. 

Fremming carried out an investigation 
applying the sample-method originally indicated 
by Klemperer (1933). Fre mming’s basic 
material of probands consisted of the persons 
born on the island of Bornholm in the five-vear- 
period of 1883—1887, somewhat more than 5,500 
persons. More than 92 per cent of the propositi, 
most of them more than 55 vears of age, were 
traced and examined, and the incidence of psy- 
choses, psychopathy, oligophrenia, epilepsy, crim- 
inality, tuberculosis and some other diseases 
were computed, and a thorough demographic 
analysis of the material was performed. 

During the last fifteen vears new possibilities 
have been created for investigations on the fre- 
quency of hereditary lesions and for following, 
controlling and studying the whole body of here- 
ditary lesions in the Danish population. 

In the University Institute for Human Genetics 
in Copenhageu, established by the Rockefeller 
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Foundation, 1938, a Medico-Genetic Registry has 
been organized. This Epidemiological Control of 
Hereditary Diseases includes a systematic regis- 
tration, a card index, complete as far as pos- 
sible, covering all the more serious hereditary 
conditions observed in Denmark during recent 
years. 

At present more than 250,000 patients and their 
families are registered in the registry, and every 
year several thousands are added. The registry 
forms the starting point for more thorough studies 
into the inheritance of the various lesions and 
diseases. The procedure then is as follows: the 
physician, who is trained as a specialist in the 
field concerned, makes a thorough investigation 
of the individual patient having the disease or 
lesion in question, and for the more rare diseases 
it is attempted as far as possible to compute all 
vases of the disease in the country; for more 
common lesions it is generally not possible to 
accomplish a complete census, and then a repre- 
sentative sample is collected. 

In this way, more or less thorough information 
concerning several hereditary lesions in the Dan- 
ish population is obtained, and some of the results 
will be mentioned in the following sections. 

The total population in Denmark today is 
about 4,400,000 inhabitants, about one million 
living in Copenhagen, one million in other cities 
and two million in rural districts. 

The incidence of harelip and cleft palate is, 
according to Fogh-Andersen (1943) higher 
at birth than in the average population on account 
of the greater mortality among the deformed 
children. 

Isolated cleft palate is genetically independent 
from harelip with or without associated cleft 
palate. 

Most cases of harelip (possibly with cleft pa- 
late) must be supposed to be hereditary, the 
most likely manner of inheritance being that of 
“conditioned dominance”, the gene occurring as 
a dominant or as a recessive or intermediate gene, 
according to how many generations ago the mu- 
tation in a given case has arisen. 

The incidence of harelip in the Danish popu- 
lation today is about 3,000 patients, a figure 
which continously varies, depending upon the 
interaction of the numerous influences. 

In isolated cleft palate the manner of inheri- 
tance is probably dominance with failing mani- 
festation, there being, however, a considerable 
admixture of non-hereditary cases. 

Considering the frequencies of club-foot (M o n- 
berg 1931; Thomasen 1941) and dislocation 
of the hip (Fremming 1947) the incidences 
are higher in the total population than at birth, 
because some cases of club-foot may not develop 
before several years after birth, and dislocation 
of the hip is not always diagnosed at birth when 
present. The frequencies are 0.08 per cent at birth, 
0.1 per cent in the population for club foot, and 


0.1 per cent and 0.15 per cent resp. for congenital 
dislocation of the hip. 

In deciding the frequency of chondrodystrophy 
a special method has been used, viz., counting 
all the cases of the abnormality found in the 
country. In applying this procedure one can be 
sure that the material is representative and that 
no difficulties with regard to the selection and 
composition of the propositi are occurring. The 
very same procedure has been used in the inves- 
tigations concerning aniridia, haemophilia, sur- 
domutitas (congenital and early deafness), tu- 
berous sclerosis, mongolism and deformities of 
the upper extremities mentioned later. 

In 1941 Trier Mgrch observed 86 chondro- 
dystrophics in Denmark, and by going through 
94,000 births in Iying-in departments he found 
that chondrodystrophy will appear once in every 
10,000 births. Only one-fifth of the children sur- 
vived the first year of life, and the effective fer- 
tility of chondrodystrophics surviving the first 
year of life is considerably reduced. Therefore, it 
must be supposed that the dominant gene caus- 
ing chondrodystrophy arises through mutation, 
and the mutation rate is calculated to be 8.5—10 
per 100,000; between 1—12,000 and 1—10,000 
per individual per generation and 1—20,000 
to 1—24,000 per chromosome per generation. As 
mentioned later, the mutation rate has been cal- 
culated for several dominant and sex-linked 
traits. These rates were found to fall between 
1 :10* and 1 : 105. 

Osteogenesis imperfecta presents dominant in- 
heritance and probably often arises through mu- 
tation. It is, however, as in tuberous sclerosis, im- 
possible to calculate the mutation rate owing to 
the great intrafamilial variation, and the consi- 
derable difference in manifestation of the gene 
causing the disease. Seedorff (1949) investi- 
gated 55 Danish families comprising 180 affected 
individuals, a few suffering from the serious 
congenital type and the majority from the milder 
tardive forms, all of which constitute a genetical 
entity; on the basis of his material he estimated 
that about one child is born every year in Den- 
mark with congenital osteogenesis imperfecta. 

Hindse-Nielsen (1938) found 67 cases 
of spina bifida in 69,973 new-born children from 
Iyving-in departments, and collected 357 patients 
from hospitals and institutions throughout Den- 
mark. The death rate is enormous especially dur- 
ing the first half vear of life; this is why the 
frequency is much smaller in the average popu- 
lation than in new-born; it has not been com- 
puted, however. 

In anencephaly the prognosis is still worse, the 
incidence in the population thus being practi- 
cally zero. 

Birch-Jensen (1949) collected material 
comprising nearly all patients living in Denmark 
1943—46 with congenital absence deformities of 
the upper extremities. The total number of pa- 
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tients was 625. They are equally distributed over 
the entire country, with no accumulation of pa- 
tients in remote districts or small islands, where 
intermarriage is common. For most of them the 
incidence at birth is higher than in the average 
population on account of the reduced prognosis 
quoad vitam, thus being accentuated for the 
more serious malformations such as amputation 
of the upper arm. About 20 children suffering 
from absence deformities of the upper extremities 
are born in Denmark vearlyv. 

Rahbek Sgrensen (1953) investigated 
27,600 new-born boys and found 0.32 per cent 
suffering from hypospadia; in school children of 
7—15 years and probably in the general popula- 
tion the evidence of hypospadia is about of the 
same magnitude. Furthermore, he investigated in- 
tersexuality in men and the inheritance of heart 
diseases. 

While it is comparatively simple to decide the 
frequency of congenital malformations generally 
existing throughout life, it is more intricate to 
compute the incidence figures of the hereditary 
or hereditarily predisposed diseases of the inter- 
nal organs. Often it is easier to calculate the 
morbid risk. 

Bartels (1941) investigated a normal group 
consisting of the families of 500 normal propositi 
in Copenhagen and comprising 7,144 persons 
over 14 vears of age. The morbid risk in women 
of Graves’ disease was calculated to 0.4 per cent 
and of non-toxic goitre to 1.1 per cent. The first of 
these figures, however, is changing very much 
in course of time, probably depending on environ- 
mental factors. In some periods it is essentially 
higher than indicated above. And the cited 
frequency of goitre does not hold true in districts 
with endemic goitre. In the above mentioned 
material Bartels calculated the frequency of 
diabetes mellitus in persons over 14 vears of age 
to be 1.7 per cent, and in 1950 Horstman 
found 0.4 per cent in a sample (175,000) of the 
total population. 

Sgb ye (1948) investigated 220 families with 
essential hypertension and nephrosclerosis, and 
a normal group of about 2,800 persons, and con- 
cluded that the two diseases constitute a genetic 
entity, that the inheritance is dominant and that 
the morbid risk in the average population is 
about 30 to 40 per cent; it means that the chance 
for old people to get hypertension is very great. 

The same holds good of the predisposition to 
cancer investigated recently by a group of Dan- 
ish investigators (see, for instance Jacobsen 
1946; Videbek 1947; Brgbeck 1949; Busk 
1948; Kemp 1948) who have estimated the mor- 
bid risk of cancer on the basis of the proband 
method using samples of normal persons as pro- 
positi, supplemented with experiences from mor- 
tality statistics. The Danish Cancer Registry has 
investigated the incidence of malignant tumors in 
Denmark (Clemmesen and Nielsen 1943; 


Clemmesen and Busk 1948); the result 
will not be quoted here, however, for many ma- 
lignant tumors are not hereditary at all; but a few 
figures with relation to the aforementioned pro- 
band investigations will be reported. 

In 1943 the Cancer Registry attempted to carry 
out a census of all cancer cases under treatment 
in Denmark, and answers were obtained from 
all doctors and hospitals. In this way, of course, 
knowledge was not obtained concerning the total 
number of cases of cancer present in the popula- 
tion, but 131 cases (including lymphogranuloma- 
tosis and leukemia) per 100,000 inhabitants were 
reported. Of these, 20 cases were breast cancer, 
4 cases leukemia and 20 cases uterine cancer. Of 
the cases of uterine cancer three-fourths were 
cervical cancer, chiefly caused by environmental 
factors, and one-fourth or 5 per 100,000 inhabi- 
tants were cancer of the corpus, more dependent 
on a hereditary predisposition. 

Mosbech (1953) and Videbeek investigated 
the heredity of anaemia and cancer of the sto- 
mach and the oesophagus. 

Schwartz studied heredity in bronchial 
asthma, especially Baker's asthma and other 
allergic diseases (1952). 

Andreassen (1943) investigated as far as 
possible all the haemophilic families in Denmark, 
63 families including 205 haemophiliacs, all males, 
and 74 sure heterozygous females (carriers). Of 
the 205 haemophiliacs, 81 were living in the coun- 
try in 1943. The average lifetime of haemophiliacs 
is about one-third of the normal. The mutation 
rate per X-chromosome per generation was cal- 
culated to about 1:50,000. 

Sjglin is at present investigating the various 
subgroups of haemophilia (Christmas’ disease and 
other types) in the Danish population. 

Bülowand Ngrholm-Pedersen (1953) 
investigated the distribution of epidermolysis 
bullosa hereditaria on a Danish island, Leessg, 
and in other parts of Denmark. 

Mgllenbach (1947) investigated congenital 
aniridia and coloboma. In 1944, altogether 40 
patients were observed in Denmark with con- 
genital total defect of the iris. The frequency of 
partial defects of the iris and choriodea, colo- 
boma iridochoroidalis, was in a sample of about 
100,000 persons of the average population com- 
puted to be about 0.01 per cent, but among 625 
mental defectives 12 cases of coloboma were 
ascertained, corresponding to 0.73 per cent. The 
total number of cases of coloboma in Denmark 
would be 1000—1100, two-thirds of which would 
be externally recognizable, and one-third would 
be fundic coloboma. No transitional cases were 
found between aniridia and coloboma. The 
frequency of mutation for aniridia is estimated 
to be about 1:100,000, allowing a suitable margin 
of safety for cases that might not have been re- 
corded. 
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As regards the primary glaucoma diseases, W e- 
sterlund (1947) has conducted investigations. 

Recessive congenital hydrophthalmos (congen- 
ital glaucoma) was judged to be the cause of 
blindness in 6—7 per cent of the patients admitted 
to institutions for the blind, and as blindness is 
judged to be hereditary in about half the cases, 
this means that hydrophthalmos is the cause of 
blindness in about 13 per cent of the hereditary 
cases. A total of 121 patients were examined, 36 
per cent females, 64 per cent males, and 27 per 
cent of the cases were unilateral. A number of 
the unilateral cases were supposed to be “a- 
bortive” bilateral cases. Intermarriage in the 
parents of the patients is found in 10.7 per cent, 
and the parents are first cousins in 5.8 per cent. 

On the basis of hospital admission statistics in 
Copenhagen 1921—1940, the incidences of hy- 
drophthalmos at birth and in the average popu- 
lation have been calculated to be 0,008 per cent 
for both, which means that 300 patients with the 
disease should live, and about 6—8 new cases 
should occur annually in Denmark. The effective 
fertility of the patients has been calculated to 
be 0.45. 

The incidence of primary glaucoma, juvenile 
and adult, was computed on the basis of 82 cases 
observed by Copenhagen ophthalmologists and 
calculated to be 0.055 per cent in the average 
population. In 13 per cent of the cases familial 
predisposition was demonstrated, the mode of 
inheritance being dominant with failing manife- 
station. Congenital and adult glaucoma must be 
regarded as genotypically different. 

Lundsgaard (1944) studied about 100 cases 
in 20 Danish families of Leber’s optic nerve 
atrophy. The affected males never get affected 
children or affected descendants in later genera- 
tions; therefore a Leber gene disappears with 
every affected male, and the Leber gene in each 
family has only a limited term of life. The disease 
must be supposed to arise frequently through mu- 
tation occurring in a female, who thus becomes 
the first ancestress of a new Leber family. 
Lundsgaard observed 19 (18 males, 1 female) 
new cases in Denmark 1930—39, and because it 
may be assumed that not all cases are registered, 
she reckons that at least 3 new male cases occur 
every year, and the frequency of mutation must 
then correspond to the number of new cases. 

The frequency of retinitis pigmentosa in the 
average population has been roughly estimated 
to be 0.005—0.002 per cent, and for partial color 
blindness (Daltonism) the incidence has been 
reckoned to be of about the same magnitude as 
in Norway, viz., 7—8 per cent in males and 0.44 
per cent in females (Waaler 1927). 

Holm and Lodberg (1940) estimated the 
incidence of total color blindness or mono- 
chromosia to be 0.0003 per cent in the average 
population, but on an island, Fuur, situated in 
the Limfjord, which has about 1,600 inhabitants 


and frequent intermarriages, the disease has been 
common through at least four or five generations. 
Fifteen patients still alive were observed at the 
time of the investigation, as a result of the high 
incidence of consanguinity. 

The earliest attempts to estimate the incidence 
of hereditary diseases in the population were 
made in the field of mental defects and diseases. 

Such investigations carried out through the last 
50 years were necessary for the genetical studies 
in psychiatry developing in the first decades of 
this century, and later they have been of impor- 
tance to social psychiatry, which prevails at the 
present time. The older investigations have been 
supplemented and enhanced recently by Danish 
investigators (Strömgren,1938;F remming 
1947; Borberg 1950; Oster 1953). 

The incidence of the feeble-minded and men- 
tally retarded is calculated on the basis of the 
investigations on Bornholm compared with 
Smith’s (1930) twin studies. 

Comprehensive twin studies have been carried 
out with regard to many diseases. Also an un- 
selected twin material is under investigation, and 
twins reared apart have been examined by Juel- 
Nielsen (in press). 

Several Danish investigators have studied the 
inheritance of mental defects and diseases and 
nervous diseases in the Danish population. 

Oster studied mongoloid idiocy in the island 
group of Seeland, Lolland, Falster and others with 
1,840,000 inhabitants and counted ca. 450 cases 
of mongolism, and on the basis from lying-in de- 
partments he calculated the frequency at birth. 
Thus we have an exact census concerning this 
disease for continued study of its etiology. 

Borberg (1951) investigated all cases of 
tuberous sclerosis in Denmark during the period 
192443. He found about 40 cases; 10 cases were 
in institutions for feeble-minded, 9 in hospital 
departments for dermatology, 7 in neurological 
services and 4 in institutions for epileptics. In 
1944, 22 patients were observed living in the 
country, but it is probable that a rather consider- 
able number of cases existed undiagnosed. The 
disease is inherited as a dominant character with 
failing manifestation, but consequent to the great 
interfamilial variability it has not been con- 
sidered possible to calculate the mutation rate. 

Fremming (1947) decided the expectation 
of schizophrenia to be 0.90 per cent, reckoning 
with a period of manifestation of between 15 and 
45 vears. 

Furthermore, he found the morbidity risk of 
manic-depressive psychosis to be 1.22 per cent 
when reckoning with a period of manifestation 
from 20 to 50 years. When the calculation is per- 
formed with a period of manifestation of 20 to 65 
years and using Strömgren’s (1935) method, 
the morbidity risk of manic-depressive psychosis 
was calculated at 1.64 per cent, namely 1.02 per 
cent for men and 2.24 per cent for women. These 
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figures are probably close to correct and three to 
four times greater than the figures given by 
earlier investigators. 

Eivind Thomasen (1948) investigated the 
families in Denmark suffering from myotonia. 

The late Herman Levison (1951) investi- 
gated some families with dystrophia musculorum 
progressiva. 

Recently Ha u ge in collaboration with G a m s- 
tor p, Helweg-Larsen and Sagild 
studied the disease newly discovered in Sweden 
and Denmark, adynamia episodica hereditaria, 
especially with regard to linkage with blood 
groups. 

Helweg-Larsen (1956) investigated all 
cases of familial periodic paralysis in Denmark 
and states the frequency to be 0.008 per cent and 
the morbidity risk 0.003 per cent. 

Fremming in his aforementioned sample 
investigation found the morbidity risk in genuine 
epilepsy to be 0.35 per cent and in genuine plus 
symptomatic epilepsy to be 0.46 per cent; he 
considered the period of manifestation to be 
0—29 years. 

Brandt (1950) found 70 families including 
112 cases of infantile progressive muscular atro- 
phy in Denmark during the last 40 years, and 20 
new cases in the period 1943—47. He calculates 
with approximation that about one patient with 
the disease is born every year in one million in- 
habitants. 80 per cent of the patients died before 
they were four vears old, and only 7 per cent 
survived their fifteenth year of age; therefore 
the incidence of the disease in the population 
is very low. 

Furthermore Harvald (1954) published a 
survey on heredity in epilepsy, especially an elec- 
troencephalographic study of relatives of epi- 
leptics. He also studied Huntington’s chorea. 

The purpose of F re mming’s aforementioned 
investigations on Bornholm of persons born be- 
tween the years 1883 and 1887 was primarily to 
provide figures for the psychiatric morbidity of 
the Danish average population, but he further 
investigated the frequency of some other charac- 
ters among the probands, most of them being 
more than 55 vears of age: alcoholism occurred 
in 65 males or 3.4 per cent and in two females; 
in 1.7 per cent in both sexes. In half of the pro- 
bands addicted to alcohol the alcoholism was 
found to be the result of psychic abnormality, 
generally psychopathy. The total criminal expec- 
tation for male probands between 15 and 55 vears 
was found to be 2.80 per cent and for femnales 
0.61 per cent. A little more than half of the crimi- 
nal probands deviated mentally from the normal, 
some were retarded or feeble-minded, some were 
psychopaths and others suffered from psychoses. 
On the whole the criminal frequency was found 
to be comparatively moderate, owing to the area 
investigated being mainly rural (Fremming 
1946). The total psychosis expectation up to the 


age of 55 years was found to be 3 per cent in men 
and 5.3 per cent in women. The number of per- 
sons (490), who were mentally abnormal at the 
time of the investigation or who had suffered 
from mental diseases during one or more periods 
of their life, was found to be 12 per cent of the 
persons who all had survived the age of 10, and 
of whom nearly all were more than 50 vears of 
age at the time of the investigation. The psychotic 
probands showed an undoubtedly increased death 
rate. 

The Danish population is relatively uniform. 
The bulk of it are descendants from a people who 
came to the country four or five thousand years 
ago and have formed the main stock ever since. 
But of course a certain amount of immigration 
has later taken place from several countries and 
races. As a typical example of such small immi- 
grated groups in the population, the gipsies mayv 
be mentioned. 

Bartels and Brun (1943) investigated the 
gipsies living in Denmark and estimated their 
number to be 700 to 800, nearly all of whom were 
members of eight large families. Their immigra- 
tion into Denmark took place between 1800 and 
1850 through Germany. The gipsies form a biolog- 
ically delimited group within the population, 
and the majority of the gipsies are still maintain- 
ing the traditional mode of living of the families, 
but in the course of three or four generations 
they will probably have assimilated to a verv 
great extent, if no renewed immigration of gipsies 
takes place. The gipsies in general, of course, have 
to be regarded as mentally sound, but certain 
traits of character, their habits and views on 
social and moral questions and their outlandish 
exterior distinguish them so far from the average 
population. But, as emphasized above, it is to be 
expected that complete assimilation in the popu- 
lation will occur within a hundred vears or so 
if new immigration is avoided. 

It is not possible to give the exact figures for 
the incidence of hereditary blindness and deaf- 
mutism (congenital and early deafness), partly 
because the delimination of the two defects from 
weakness of sight and hardness of hearing, re- 
spectively, in many cases are rather vague, and 
partly because of difficulty in deciding whether 
a given case is exogenous or endogenous. 

The frequency of blindness in the population 
is estimated to be ca. 0.06 and at least half the 
cases are caused by hereditary factors. 

Lindenov (1945) made a census examina- 
tion of the deaf-mutism (congenital and earlv 
deafness) in the island group of Seeland, Lolland 
and Falster and found about 0.04 per cent, and 
about half the number were cases of hereditary 
deaf mutism, most of them sporadic-recessive 
deaf-mutism, and only a few cases (less than 5 
per cent) heredolabyrinthic deaf-mutism. Retinitis 
pigmentosa occurred in about 6 per cent of deaf 
mutes. The total number of deaf mutes resulting 
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from consanguineous marriages amounts to about 
6 per cent, but for the hereditary cases alone to 
more than 10 per cent. 

Steen Johnsen (1952) studied the heredity 
and natural causes of perceptive deafness and 
the relation between erythroblastosis foetalis, 
kernicterus and impairment of hearing. G. E ve r- 
berg (1955) studied the causes of unilateral 
deaf ness. 

As regards some defects and diseases, as for 
instance blindness, deaf-mutism and oligophrenia, 
the exogenous cases are decreasing, the endo- 
genous remaining constant or even increasing as a 
result of the progress of civilization. Further- 
more, the possibility that many patients who suf- 
fer from hereditary lesions will live and propagate 
are improving vear by vear, and preventive 
measures are only applied in a few countries and 
even there generally in a rather haphazard way 
and without any definite plan. 

These factors influence the frequencies of the 
hereditary lesions and the future development 
and genetic composition of the various human 
populations essentially. And the only way to fol- 
low, control and study the whole body of here- 
ditary lesions in a population is through a per- 
manent systematic and thorough medico-genetic 
or eugenic registration, comprising all important 
hereditary affections in the population. 

The investigations mentioned so far have all 
been carried out in the Department for Medical 
Genetics and Genetic Hygiene. 

The Institute for Human Genetics has, however, 
other departments: 

In the Department of Anthropology the growth 
and development of children are investigated, the 
individual normal weight of school children is 
studied, and growth charts for boys and girls at 
school age have been constructed (Dgssing 
1952). Conseripts for military service are exam- 
ined constitution-typologically and anthropolo- 
gicallv. Anthropometric investigations of the na- 
tive population in Greenland have been carried 
out (Skeller 1954; Fabricius-Hansen 
1949). The blood group genes have been used as 
marker-genes in connection with comprehensive 
linkage studies in man (Mohr 1954; Hauge 
1956). 

Comparative anthropomorphological and an- 
throphysiological examinations, and polysymp- 
tomatic similarity tests in twins have been per- 
formed extensivelv. 

In the Department for Medical Statistics the 
demographic and statistic-genealogical investiga- 
tions of the Institute are carried out. Likewise, 
the statistical calculations necessary in connec- 
tion with the scientific work of the Institute. 
(Helweg-Larsen and Nyholm 1955). 


In the Department for Experimental Patholo- 
gical Genetics and Cytology, the investigations 
are partly carried out with experiments on mice 
and rats; the geneties and pathology of heredi- 


tary pituitary dwarfism (Francis 1944; Ly k- 
kegaard Nielsen 1952; Fgnss-Bech 
1947), breast cancer and leukemia in mice are 
studied (Hogreffe 1951; Erik Pedersen 
1955; Nygârd Jespersen 1956). Further- 
more, cytological examinations are continued on 
the basis of previous investigations into the 
question of cell division and chromosomes in 
normal and pathologie tissue of mammals and 
human beings (Schultz-Larsen 1954—55), 
For these experiments the electron microscope 
has been utilized. Nuclear class series in mice and 
dwarf mice have been studied and analysed 
(Helweg-Larsen 1952). 

On the basis of the experiences in the investi- 
gations carried out in the various departments, 
the Institute exercises its genetic-hygienic or 
eugenic activity as advisor on questions of steri- 
lisation, induced abortion, marriage, adoption and 
of special relief. The material of the registration 
department has proved to be of much use in 
this activity. 

By genetic hygiene we understand the branch 
of medical science which aims at preventing the 
transmission of pathogenetic genes from one 
generation to the next and thereby limits their 
spread in the population. Genetic hygiene rests 
entirely on the principles of voluntariness. Gene- 
tic-hygienic measures are taken exclusively at the 
desire of the persons concerned. Compulsory 
measures are never employed within genetic hy- 
giene. Experience shows that patients after 
having been informed of the significance of the 
hereditary taint nearly always follow their doc- 
tor’s advice within this field. 

During the period 1939—1955 the Institute for 
Human Genetics has received 12,300 inquiries 
from doctors concerning genetic-hygienic prob- 
lems. During the first years of this activity the 
number of such inquiries was only slight, but it 
has been increasing since vear by vear. 

Of the inquiries from doctors 62 per cent con- 
cerned legal abortion, 13 per cent legal sterili- 
sation, 18 per cent adoption and 7 per cent gene- 
tic counseling. 

The 12,300 cases of genetic advice given by 
the Institute to the doctors may be classified, 
according to the diseases which it was feared 
that the expected children of the patients con- 
cerned might have been suffering from, in the 
following way: 7 per cent concerned physical 
malformations, 2 per cent deaf-mutism or ear 
lesions, 3 per cent blindness or eye lesions, 1 per 
cent skin diseases, 5 per cent lesions of internal 
organs, 18 per cent nervous diseases, 13 per cent 
inferioritas (mentally retarded), 10 per cent 
feeble-mindedness, 12 per cent psychosis, 12 per 
cent psychopathy, 10 per cent alcoholism and/or 
criminality and 7 per cent combined eugenic 
encumbrance. 

In connection with the genetic-hygienic acti- 
vity of the Institute, it has been tried to follow 














August 1956 


DANISH MEDICAL BULLETIN 135 








and control the development and fluctuation of 
the hereditary diseases in the Danish population. 

The Institute profits by a large amount of good- 
will from and has close collaboration with the 
Danish medical profession, and the medical stu- 
dents at the Universities of Copenhagen and Aar- 
hus have as a part of their curriculum com- 
pulsory courses in general and medical genetics. 
In Copenhagen the courses are given by the direc- 
tor of the Institute of Human Genetics, who is 
professor of Human Genetics at the University 
and a member of the Medical Faculty. 

The hereditary diseases and the genetically 
based deficiencies are constantly arising through 
mutation; some of them, anomalies and less severe 
diseases, persist through many generations, 
others, the more serious defects and diseases, 
disappear very fast after one or a few genera- 
tions. It is supposed that a certain equilibrium 
exists between the mutation rate and the elimi- 
nation of the pathological gene, on the whole 


keeping the frequency of the hereditary diseases 
unaltered in the population. 

The principal task of the University Institute 
of Human Genetics in Copenhagen is to follow 
and control the development and the fluctuation 
of the hereditary diseases in the Danish popu- 
lation and to check up on the behaviour of these 
diseases down through the ages. 
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HEREDITARY INFANTILE OPTIC ATROPHY WITH 
DOMINANT TRANSMISSION 


PRELIMINARY REPORT 


By POUL KJER 


Within ophthalmology, optic nerve atrophy 
makes up a large and inhomogeneous group 
without being a disease sui generis, but merely a 
symptom. The causes of the terminal phase of 
the disease represented by the atrophy are nu- 
merous — in fact any deleterious action upon 
the peripheral visual pathway may lead to this 
condition. Among the most common causes are 
intracranial lesions, cranial injuries and deform- 
ities, toxic damage of the optic nerve, and reti- 
nal and vascular lesions. 

As a special group it is worth emphasizing in- 
From The Eye Clinic of the Municipal Hospital, Co- 
penhagen. (Chief: Professor E. Holm.) 

The Eye Clinic of the Roval Institute for the Blind, 
Copenhagen. (Chief: H. Skydsgaard.) 

The Eye Clinic of the University Hospital, (Rigshospi- 
talet), Copenhagen. (Chief: Professor H. Ehlers.) 
The University Eye Clinc of the Municipal Hospital, 
Aarhus. (Chief: Professor Viggo A. Jensen.) 

The University Institute for Human Genetics, Copen- 
hagen. (Chief: Professor Tage Kemp.)) 


herited optic atrophy, which in some cases is 
just a link in a symptom complex comprising also 
other neurological phenomena (e. g. Friedreich's 
ataxia, Pierre-Marie's ataxia, amaurotic idiocv, 
Behr's Laurence-Moon-Biedl 
syndrome). 


disease, and the 


Frequently, however, hereditary optic atrophv 
is unassociated with other neurological signs. Out 
of this latter group the literature is almost totally 
predominated by reports on Leber's disease, there 
being — especially among the early authors — 
a tendency to assign also other forms of heredi- 
tary optic atrophy to this category (Ginzburg 
(1923), Cibis (1939), Müller (1951), etc). 
Still, sporadic reports have emphasized the exist- 
ence of other forms of hereditary optic atrophy 
with a divergent inheritance and symptomatology. 
So far, a total of 4 varieties of hereditary optic 
nerve atrophy unassociated with neurological 
phenomena have been described: 


(1) Leber's disease (Le ber 1871) characterized bv 
the acute onset, usually between the age of 12 
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and 30. The first sign is neuritis, soon fol- 
lowed by visual loss, central scotomas, and 
subsequent optic atrophy. This disease is 
exclusively transmitted by women, mostly to 
men, whereas men never transmit it. In the 
course of time, various authors have advan- 
ced theories on this inheritance (Fleischer 
& Josenhans (1920), Me ver-R iem s- 
loh (1925), Kawakami (1926), Waar- 
denburg (1932, 1948), Lundsgaard 
(1944), etc.), without having come to an agree- 
ment about the explanation. 


(2) Recessive, congenital or early-age optic atro- 
phy in which, as pointed out by Waarde n- 
burg (1913), consanguinity may be contri- 
butory. Incidentally, the clinical picture is not 
definitely elucidated; in part the literature is 
of early date and in part the reported families 
have been inadequately described. Often, there 
is nystagmus and as a rule marked visual im- 
pairment (Hutchinson (1866), Higier 
(1897), Waardenburg). 





Dominant optic atrophy which according 
to Lodberg & Lund (1950) — comprises 
two groups, viz.: 

(a) A congenital form with marked visual im- 
pairment. To this category may presum- 
ably be assigned the families published by 
Doyne (1909), Herzog (1930), and 
Thompson & Cashell (1935). In 
addition, there is nystagmus, concentric 
contraction of the visual field, and in 
most cases diffuse atrophy of the disc, 
and constricted arteries. 


ld 


(b) An infantile form developing unnoticed at 
the age of 6—8 vears, of a more benign 
nature than the congenital form. As point- 
ed out by Riedl (1935) and Scott 
(1941) this form shows also the peculiar 
feature that the perception of blue is poo- 
rer than that of red. This phenomenon was 
later confirmed and further discussed by 
Jaeger (1954). 


While the existence of the first two varieties, 
i.e. Leber's disease and recessive optic atrophy, 
is generally accepted, several authors have express- 
ed doubt as to the justification of setting up a 
dominant form of hereditary optic atrophy as an 
independent syndrome. Müller, who made no 
distinction between a congenital and infantile va- 
riety, inclined to the belief that there was merely a 
question of variants of Leber's disease. Reviewing 
the literature available up to 1931 Stählin dared 
neither assume nor deny the existence of an inde- 
pendent form of hereditary optic atrophy with do- 
minant transmission. This uncertainty is due pri- 
marily to the fact that the dominant hereditary 
varieties of optic atrophy have been overlooked 
as a syndrome or misinterpreted because of a 
lacking knowledge of its characteristic clinical 


features and because in all ophthalmological text- 
books this disease is mentioned in only a few lines 
without any description of its special features. It 
is merely stated that the heredity and the time of 
onset distinguish it from Leber's disease. 

The object of the present study was to collect 
some families with dominant infantile optic atrophy 
and, by studying these families, try to shed some 
light on as many of its aspects as possible. 


MATERIAL 

The study comprises 20 Danish families in which 
200 proven cases of optic atrophy have occurred 
so far. Moreover, information about impaired 
vision is available for an additional 39 patients 
(most of whom have died), and lastly 10 persons 
have probably had this disease, although there 
are no data regarding impaired vision. 

The sex ratio in this series of 249 patients will 
be seen from Table 1. 


Table 1. 
Sex ratio. 
NE aleen abten ie a 116 
Boys under 15 years of age .…….....…. 19 135 
eeen ee ete 100 
Girls under 15 years of age …….……. 14 114 


Total 249 118:100 





In order not to overlook mild cases, subjec- 
tively unnoticed, the author examined more than 
450 normal members of these families. 

Examples of the families are given in Figs. 1—4. 

At this stage it seems worth mentioning the 
difficulty of making a diagnosis of infantile optic 

Figs. 1—4. 


Examples of Danish families suffering from dominant 
infantile optic atrophy. 
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Key to Symbols. (Figs. 1—4). 


supposedly normal male, not examined. 


supposedly normal female, not examined. 
matrimonial or illegitimate union between 
supposedly normal male and supposedlv 
normal female. 

normal female, examined by ophthalmologist. 


supposedly affected male, not examined. 
supposedly affected female, not examined. 


affected male, examined by ophthalmologist. 

affected female, examined by ophthalmolo- 
gist. 

4 supposedly normal children of either sex. 


van min 


supposedly normal, sex unknown. 


atrophy with dominant transmission. In the first 
place the family history is with striking frequency 
entirely uncharacteristic, the patients having no or 
only vague knowledge of similar cases in the fami- 
ly. The reason is no doubt the unnoticed onset 
of the visual impairment in childhood and the 
stationary or mildly progressive course — a course 
which is entirely devoid of the drama that charac- 
terizes Leber's disease in which severe, acute 
failure of vision occurs at an adult age. 

Furthermore, some cases are so mild that the 
patients have not noticed anything abnormal, and 
it may be difficult to establish atrophy of the 
discs upon ophthalmoscopy. 

As already mentioned, it is a characteristic of 
the disease that it sets in unnoticed at varving 
junctures of childhood and that its course is in- 
sidious. The adult patient, therefore, is unable to 
state the time of onset, saying that he has al- 
ways had poor vision or that the impairment has 
existed from childhood. As a rule the visual im- 
pairment is not detected until school age — viz., 
at a time when the demands on vision increase. No 
case was detected in infancy, the voungest patient 


normal female, examined by ophthalmologist. 


being 2 vears. This gradual onset in childhood is 
confirmed by the invariable absence of nystagmus. 
Moreover, it is indicated in nearly 10 cases in which 
the results of repeated ophthalmological examina- 
tions from the time of onset were available. In 
numerous cases it was possible to procure data 
covering a long period from ophthalmological 
practitioners and from eve clinics. It seems justi- 
fied to establish that there was a slow progression 
at any rate in 51 adult patients and that the con- 
dition was presumably stationary within the fol- 
low-up period in 43. However, the interval between 
the examinations varies within wide limits, from 
a few vears to 40 vears. 

The result of the determination of visual acuity 
may be seen from Table 2 which gives the vision 
in the better eve: 

Table 2. 


Result of determination of visual acuity in 200 
patients with proven optic atrophy. 











Men Women Children 
Vision: 6/6 — 6/18: 36 40 15 
Vision: 6/24 6/60: 35 22 6 
Vision: 6/60 — 2/60: 14 13 0 
No data: 3 4 12 
Total 88 79 33 





No patient had such severe impairment as to be 
unable to perceive hand movements, light, etc. As 
a rule the values were approximately the same in 
both eyes, but in cases of strabismal amblyopia 
and anisometropia as well as in a few other cases 
there was a marked difference between the two 
eyes. 

The optic nerve atrophy varied in intensity and 
diffusion, but in the majority of cases only the 
temporal half of the disc was atrophic and in 
many cases cupped. In severe cases the atrophy 
was diffuse. The edges of the discs were invariably 
clear cut except on the temporal border, where 
the pigment was usually rather irregular, envelo- 
ping a vellowish, sickle-shaped choroidal atrophy 
along the edge of the disc. Definite pathological 
significance was not attributed to this finding, 
although it seemed to be more common and more 
pronounced than in normals. 

The fundus did not exhibit morbid signs - 
apart from mild changes in the macular area in 
many instances. Thus, the foveolar reflex was ab- 
sent in several patients, whereas in the majority it 
was blurred, irregular,or hovering above the macu- 
la as an oblong ray of light. In some cases there 
was a slight displacement of pigment in the ma- 
cula without amounting to changes which might 
indicate the usual forms of hereditary macular 
degenerations or retinal degeneration. 

Examination of the visual field was carried out 
by the author in 102 cases. In addition, the results 
of visual field examinations performed by the 
patients’ own ophthalmologist or in eve clinics are 
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Fig. 5. 
Isolated, paracentral scotoma between the centre and 
the blind spot. 


{30° 20° 0 


Fig. 6. 
Isolated paracentral scotoma above blind spot. 














available for 37. The changes often differed on 
the two sides. No characteristic changes were ob- 
served in the periphery, the peripheral limits 
usually being normal. In 17 instances they were 
slightly or questionably contracted, and 2 patients 
exhibited a severe contraction of the visual field 
which was preserved only on the nasal aspect to 
an extent of merely about 8 and 12° respectively. 
These two patients had marked visual impairment. 
There were other examples of patients with se- 
vere visual impairment, but normal visual-field 
limits.The most characteristic changes were located 
between the centre and the blind spot (Fig. 5) 
or above the blind spot (Fig. 6). In 28 cases there 
were such isolated, paracentral scotomas. In 62 
the scotoma fused with the blind spot, apparently 








Fig. 7. 
Paracentral scotoma fusing with blind spot. 


Pe an 


Fig. 8. 
Centrocaecal scotoma. 














enlarging it (Fig. 7), and in severe cases it might 
reach the centre (Fig.8) or occupy the entire cen- 
tral area of the upper or lower temporal quadrant 
(Fig. 9). If no absolute scotomas were demonstrab- 
le, relative scotomas for white or for coloured 
object were sometimes found between the blind 
spot and the centre (Fig. 10). 

Even though with white object the visual field 
was normal, changes of varving degree were near- 
Ivy always demonstrable with red or blue object. 
In a few, usually fairly mild, cases there was only 
concentric contraction and more marked with 
blue than with red object, the limits being either 
coinciding or inverted. Again, the characteristic 
changes were in the area between the centre and 
the blind spot in which there were scotomas of 
varying size, increasing to loss of the temporal 
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Fig. 9. 
Paracentral scotoma in the temporal quadrants. 











Fig. 10. 
Relative scotoma between blind spot and centre. 


quadrants — in some cases encroaching upon the 
nasal quadrants so that in more severe cases there 
was only a small remnant of the visual field for 
red and an even smaller remnant for blue nasally 
(Fig. 11). Eighteen patients could perceive red ob- 
ject of ordinary size only in a small area on the 
nasal aspect, but not a blue object of the same size. 
The visual acuity in these cases ranged from 
> 6/18 to 3/60. Forty-three could neither perceive 
red nor blue object (the latter was not tested in 
all cases). A few of these patients had a visual 
acuity of 6/12, but the majority were in the group 
of 6/24 — 6/60 and less. 

This reduced capacity to perceive blue colours 
was confirmed by tests with the pseudoisochro- 
matic plates. A total of 110 adult patients were 
tested with Stilling's blue colour tables. None of 











Fig. 11. 
Paracentral scotoma with white object fusing with 
blind spot. Perception of red and blue object only 
within the dotted lines. 


them could read these tables without errors, and 
only 16 could read them partially. Out of these 16 
not less than 9 gave the correct answers to all 
Ishihara’s red and green plates. Fifteen children 
were also tested; two gave the correct answers to 
Stilling’s tables and 3 partially correct answers. 
These 5 children could read all Ishihara's tables. 

A total of 122 adult patients ánd 16 children 
were tested with Ishihara's tables; 18 adults and 
9 children gave the correct answers to all fre- 
quently, however, with some uncertainty and after 
erroneous suggestions. Fifty-one adults and 5 
children could read a varying number of the colour 
plates. Lastly, 55 patients (including 2 children) 
failed to read any of Ishihara's plates — except 
the so-called malingerer plate and the two plates 
recognized by people with colour anomalies. As a 
rule, however, these three plates were not read 
correctly either. The visual acuity in the patients 
who failed to read any of Ishihara's plates ranged 
from 6/9 to 2/60, so that even at a nearly normal 
visual acuity the colour vision might be consider- 
ably impaired. 

Visual acuity in the dark: Many patients com- 
plained of poor vision in the dark. In 39 cases 
the power of adaption was studied by the method 
of Edmund & Meller (1925) (photometric 
glasses of Tsherning No. IV). Twenty-seven ex- 
hibited reduced values (from 0.50 to 1.13), but 
there was ne case of actual nightblindness. 

Some patients reported to be bothered by strong 
light, but this did not amount to photophobia. 

Neurological examination: Twenty-nine patients 
had been admitted to neurological or neurosur- 
gical departments or they had had neurological 
outpatient examination. Nearly all had been 
suspected of pituitary tumour, arachnoiditis, or 
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the like. Neurological findings were normal except 
in 4 patients who also had other disorders. The 
Wassermann test was negative in every case in 
which it was made. 

No other characteristic defects were found in 
the material, but in about 20 patients there were 
striking psychic abnormalities (mental retarda- 
tion, presenilitv, or psychopathy). 

Genetics: The genetic study showed dominant 
transmission, probably with slightly failing mani- 
festation, scarcely 50 per cent of the offspring of 
an affected father or mother showing the disease. 
There was marked specificity, and the expressivity 
was extremely varving, the manifestations being 
only slight in several cases. These fluctuations in 
manifestation were not characteristic of given 
families, but equally marked intra- and interfami- 
lially. From the severity of the father’s or mother'’s 
disease it was impossible to predict how severe 
would be the manifestations in the offspring; the 
children might be both less and more severely af- 
fected than the diseased parent. 

Nearly all the patients had attended ordinary 
school, and only a few were later educated at the 
Royal Institute for the Blind. The majority got on 
without public aid. 

The inheritance was autosomal, as the disease 
might be transmitted by the father as well as by 
the mother to sons as well as to daughters, The 
sex ratio was not quite 1:1, there being a slight 
male preponderance. 

Lastly, this form of optic atrophy belongs to the 
homochronous diseases, i. e. it is not manifest at 
birth, but later — in this case in childhood. Homo- 
chronous diseases are usually degenerative dis- 
orders which — without apparent cause — attack 
given groups of cells which have previously been 
functioning normally. The causes of such abio- 
trophy are unknown, but are presumed to be al- 
terations in the metabolism conditioned by the 
enzymes. 

It is impossible to assess the frequency of domi- 
nant infantile optic atrophy among the population, 
as it was impracticable to trace all Danish fami- 
lies affected with the disease. By way of compari- 
son it may be mentioned that by comprehensive, 
systematic investigations aiming at finding as far 
as possible all Danish cases of Leber's disease, 
Ruth Lundsgaard found only 20 families 
with a total of 101 patients. The present series also 
includes 20 families. Including Lodberg & 
Lund’s series as well as one family briefly men- 
tioned by Lundsgaard, there are at least 27 
families with about 330 affected members in Den- 
mark. These figures do not afford any impression 
of the ratio between the two diseases, but they 
clearly show that the frequency of the infantile 


form of dominant optic atrophy is far higher than 
reported so far in the ophthalmological and ge- 
netic literature and that it must be considered the 
most common form of hereditary optic atrophy 
in Denmark. 


DISCUSSION 

It is generally presupposed that the lesion has 
its primary seat in the optic nerve. This assump- 
tion is not disproved by the macular changes found 
by the author, as they are so moderate as to bear 
no resemblance to the reported forms of hereditary 
degenerations affecting one of the retinal layers, 
Nor would a normal or almost normal vision with 
distinct optic atrophy be expected in dominant 
infantile optic atrophy, if the lesion affected pri- 
marily the sensory epithelium of the macula. The 
absence of central scotomas also militates against 
this possibility. The mild retinal changes may pro- 
bably be explained as secondary degeneration of 
the ganglion cells. 

The visual-field defects found with white ob- 
ject are very like those observed in tobacco-alco- 
hol amblyopia which are otherwise considered 
specific of this state. The colour perimetry, how- 
ever, disclosed a peculiar thing, viz., that the per- 
ception of blue was more impaired than the per- 
ception of red. It is generally believed that altera- 
tions in the perception of red-green are character- 
istic of morbid lesions in the optic nerve, whereas 
alterations in the perception of blue are believed 
to be due to retinal disorder. Microscopic exami- 
nations do not seem to have been reported, how- 
ever, and were not practicable in the present series 
either. Furthermore, other retinal functions 
were normal or only slightly reduced. For instan- 
ce, there was no case of actual nightblindness. 
Finally, a few patients also had electroretinogra- 
phy which showed normal curves, indicating a re- 
tinal function which is normal in all essentials, 
but it does not rule out an isolated reduction in 
macular function. 

The phsysiology of colour perception being un- 
elucidated, it is difficult to explain the dissocia- 
tion between the perception of red and blue. 


SUMMARY 

On the basis of a study of 20 Danish families 
with about 249 affected members the author dis- 
cusses the syndrome of infantile optic atrophy 
with dominant transmission. The disease is char- 
acterized by its unnoticed onset in early child- 
hood (the youngest patient of the series being 2 
vears of age) and an insidious course. The patients 
can, therefore, usually not state the time of 
onset. As a rule the visual impairment is not re- 
cognized until school age, and in mild cases it re- 
mains unnoticed. Slight progressions was, further- 
more, observed in several adult patients. Visual 
acuity ranged from normal to greatly, though not 
extremely, reduced values (2/60). In addition to the 
atrophy of the discs, there were mild macular 
changes consisting in absent or irregular foveolar 
reflex and at times in a slight displacement of the 
pigment in this area. Visual-field examination with 
white object usually revealed changes in the area 
between the centre and the blind spot in the form 
of an isolated paracentral scotoma or a scotoma 
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fusing with the blind spot, apparently enlarging 
it. In severe cases it might reach the centre or oc- 
cupy the entire central area of the upper or lower 
temporal quadrant. 

The visual field with coloured object also 
showed characteristic changes, the perception of 
blue being poorer than of red. In more severe 
cases there was only a visual field remnant for 
red on the nasal aspect, whereas blue was not 
perceived at all. 

There was no nystagmus. The transmission was 
dominant autosomal. 
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THE SUBMICROSCOPIC MORPHOLOGY OF HUMAN SPERMATOZOA 


By J. SCHULTZ-LARSEN & RICH. HAMMEN 


Morphology and physiology have supplemented 
each other throughout the development of scienti- 
fie descriptions and explanations of fundamental 
biological phenomena. However, when the power 
of resolution of the ordinary optical microscope 
had been developed to the limit set by the wave- 
length of the light employed, it seemed that 
science had reached an impassable barrier re- 
garding the description of morphological details. 
Although phase contrast and polarisation micro- 
scopy made it possible to obtain additional in- 
formation, partly by means of greater contrast, 
partly concerning the orientation of submicro- 
scopic elements, it appeared that direct observa- 
tion had run its full course. 

But just over 20 vears ago, the construction of 
the electron microscope led to the use of electrons 
as the source of light, and made it possible to 
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profit from the very great powers of resolution 
which these short waves offered. Electron micro- 
scopes have now been constructed that can 
disclose details of biological material down to 
15—20 A, which means that we have reached the 
molecular level. Nearly all fields of biology have 
hurried to make use of this new method so that 
morphology once again might contribute to the 
solution of various biological problems, side 
bv side with physiology and biochemistry. An 
enormous amount of work has been necessary 
in order to develop suitable methods of prep- 
aration so as to avoid artefacts that may arise 
in electron microscopy. It may be mentioned in 
this connection that the object to be viewed must 
necessarily be electronically illuminated in an 
almost total vacuum, and this involves that the 
biological material must be absolutely drv. By 
using the so-called “critical point method” (2) 
it is possible to reduce surface tension consider- 
ably during drying by placing the preparation 
in liquid carbon dioxide, after which the temper- 
ature is raised over the critical point so that the 
carbon dioxide becomes gaseous without the 
surface tension having injurious effects. 
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In order to examine histological preparations 
it has been necessary to develop a completely 
new method for embedding the material (11), 
various plastics being used as the embedding 
medium. For different practical reasons, the 
speed of the electrons in the electron microscope 
is kept relatively low, and their power of pene- 
tration is thus similarly restricted. It is therefore 
important to use sections that are only 100— 
200 Á thick in order to obtain full benefit from 
the microscope’s power of resolution. Several 
microtomes have been constructed that can 
manage this technicallv difficult problem (e.g. 
Sjgstrand’s (19)). 

The ultra-thin sections are viewed in the elec- 
tron mieroscope without the embedding material 
having been removed which hinders the surface 
tension giving rise to artefacts during drying. 

As regards free cells, it has also generally been 
necessary to make sectioned preparations, as 
most parts of the cells are so large and dense in 
structure that this alone greatly restricts the 
resolution obtainable by electron microscopy. 

During the past 5 vears, we have investigated 
human spermatozoa by means of an electron- 
microscope in an attempt to describe the morpho- 
logical details of the normal sperm that cannot 
be seen in the ordinary optical microscope. (8, 9, 
17, 18). 


MATERIAL AND METHODS 

As spermatozoa are free cells, two different 
methods of preparation may be used. One may 
either make a suitably dense suspension of cells 
from normal ejaculates and place a drop of the 
suspension on specimen screens covered with 
formvar, observing the cells after removing super- 
fluous liquid and after drving, or one may change 
the suspension medium by repeated centrifugation 
ending with a monomer plastic mixture which is 
polymerized. Sections can then be made from the 
resulting block. The first method is relatively 
simple and provides satisfactory information 
about the tail structures; however, it does not 
aid us much concerning the head of the sperm, 
as the head is too dense in structure and too 
large compared to the electronic penetration, 
and actually one can not see much more than is 
possible using ordinary optical microscopy. The 
second method is difficult and demands a lot of 
time, but makes it possible to derive full benefit 
from the eleetronmicroscope’s power of reso- 
lution. 

When making suspension preparations of 
human sperm, one meets considerable difficulties 
in the shape of large amounts of impurities which 
totally obscure the structures one wishes to ob- 
serve in the electron microscope. It is consequently 
first necessary to remove the impurities by re- 
peated centrifugation and suspension in pure 
Tyrode solution. This cleansing procedure, on 
‘se other hand, injures the cells to such an extent 


that the number of motile sperm is greatly re- 
duced, and morphological injuries may be directly 
observed in the electron microscope. If one in- 
stead uses a more moderate cleansing procedure 
(3 centrifugations at 1500 r. p. m.) and dries the 
preparations by the “critical point method” de- 
scribed above, it is possible to remove consider- 
able amounts of colloid substances; in addition, 
the remaining colloids are not drawn together 
around the cell when the liquid dries. Further- 
more, this drying method avoids pressing the 
cells flat against the underlying membrane, and 
they retain their “natural” three-dimensional 
form. Stereoscopic electron micrographs of such 
preparations give a far better impression of the 
spatial details of the cells’ morphology. The 
fixation medium for such suspension preparations 
is usually osmium tetroxide vapour to which 
the preparations are exposed for 1 minute. 

The preparation of sperm sections presents a 
number of problems not encountered in ordinary 
histological work. Quite early in our investi- 
gations it was possible to show that human sperm 
possessed a galea capitis (17), but in most of the 
preparations it was swollen and forced off the 
head in such a way that it was exceptionally 
difficult to describe the relationship between the 
galea capitis and the head in detail (see Fig. 12). 
Methodical variations in the duration of fixation, 
pH, salt concentration and temperature during 
fixation demonstrated that the artefacts were not 
dependent on these factors. As cells that had been 
fixed in raw, uncleaned and undiluted sperm 
gave very bad results indeed, it was therefore 
reasonable to suppose that the normally variable 
amounts of colloidal impurities which greatly 
affected the suspension preparations were also 
responsible for the very variable results obtained 
when sections were made. 

The routine method for embedding sperm prior 
to sectioning has been to use a mixture of butyl- 
and methyl methaecrylate (usually in the ratio 9:1), 
this technique having first been described by 
Newmann,Boryskoand Sverdlow (11). 
The plastice mixture is polymerized by adding ben- 
zoyl peroxide or closely related chemicals in con- 
centrations of 1-2 per cent, following which it 
is kept at a temperature of 45° C for 24 hours. 
Altering the quality and quantity of the chemical 
catalyst did not give advantageous results, where- 
as repeated centrifugations and solutions prior 
to fixation greatly reduced the number of cells 
whose galea capitis was forced off the head. It 
is therefore justifiable to assume that the natural 
colloidal substances present in human semen 
cause heterogeneous polymerization which results 
in the cells being subjected to stresses so that 
important parts are consequently displaced. 

The fact that the motility of sperm in sus- 
pension preparations was very much reduced, 
and the fact that repeated centrifugation caused 
morphological alterations in the tail which could 
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be observed electron microscopically, made it 
desirable to ensure more homogeneous polymeri- 
zation in spite of the presence of impurities. Using 
ultravionet light (20) to polymerize the plastic 
mixture, it is possible to avoid the galea capitis 
being radically dislocated from its close relation- 
ship to the head of the sperm (Figs. 13 and 14). 


The ultra-thin sections have been produced by 
means of a Sjgstrand ultramicrotome made 
by LKB, Stockholm. Steel knives have been 
employed, and Sjgstrand’s method (19) has 
been closely followed. The electron microscope 
we have used is an RCA type EMU 2 B. 


RESULTS 

Ever since the first optical-microscopic de- 
scriptions of human spermatozoa, it has been 
known that the male sperm, just as sperm from 
other animals, consists of a head and a tail. With 
the gradual development of the optical microscope 
it became possible to differentiate the tail further 
into a section Iving close to the head, the re- 
mainder of the tail, which latter was designated 
the main-piece, and the tail-tip. Each of these 
parts of the sperm possesses a detailed structure 
that can only be observed in the electron micro- 
scope. When describing the sperm, it is most 
practical to commence with the tip of the tail 
and to proceed upwards towards the head, thus 
going from the simple to the more complicated 
structures. 


The tip of the tail 

The greater part of the tail comprises a central 
fibre surrounded by a spiral sheath which does 
not quite reach the tip of the tail. The final 
7-8 u of the tail consists of the central fibre 
alone, bounded by a thin membrane. Electron- 
micrographs of suspension preparations show a 
varying number of tail tips, the centre fibre 
having been split into thin fibrils almost like the 
tail of a horse. Examination of uncleaned pre- 
parations, in spite of colloidal impurities, shows 
that the tips of the tails are not split up in this 
wav; the central fibre is collected as a single 
thread approximately 100 uu thick. After repeated 
centrifugation and suspension in pure Tyrode 
solution, one finds an increasing number of such 
split tail-tips, the proportion varying according 
to the number of centrifugations. It therefore 
seems that the tail is not normally split, but be- 
comes so due to the method of preparing the 
sperm for microscopy. This artefact never- 
theless provides us with the opportunity for 
ascertaining the number of fibrils composing the 
central fibre. Repeated counts show that there 
are 11 such fibrils, and this figure has been con- 
firmed by electron micrographs of cross-sections 
of the tail. In several instances it has furthermore 
been possible to observe that the individual fibrils 
are themselves split into 2 filaments (cf. Fig. 2). 
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Fig. 1 is a picture of the tip of a tail, the fibrils 
of which are collected into 1 bunch. It will be 
seen that the fibrils are bounded by a thin mem- 
brane which is loosened from them at the point 
marked with an arrow. Fig. 2 shows the tip of 
the tail split into its 11 separate fibrils. Fig. 3 
shows the same phenomenon in greater magni- 
fication. In this latter picture the individual fibril 
appears to be composed of a central fibril sur- 
rounded by a sheath, the spiral structure of which 
is also apparent. 


The tail 

The central fibre continues uninterrupted from 
the tip of the tail into the main-piece, and is here 
surrounded by a spiral sheath consisting of 
several parallel fibrils of about 250 Â in thick- 
ness (cf. Fig. 4). Some stereoscopic electron 
micrographs indicate the the threads of the sheath 
are comprised of 2 intertwining threads (Fig. 10). 
In eross-section (Fig. 6) one sees that the axial 
fibre is made up of the 11 fibrils mentioned above 
so arranged that 2 lie at the centre, while the re- 
maining 9 form a rosette around them. On most 
of the pictures the 2 centre fibrils are seen as 1, 
but both suspension preparations of split tail- 
tips and some ecross-sections disclose that the 
central fibril element is really double. Both cross 
and longitudinal sections show that the spiral 
sheath is bounded by an outer membrane, just 
as the tail tip, which is about 50 Ä thick. This 
membrane is, however, impossible to observe in 
suspension preparations, presumably because it 
has been forced off during preparation (see Figs. 
5 and 6). 


The middle-piece 

At the junction of the tail and the middle-piece 
the spiral sheath terminates, whereas the axial 
fibre continues unaltered up into the middle- 
piece and ends at the centriole just under the 
head. The axial fibre seems to retain the same 
structure one observes in the tail (i.e, 2 central 
and 9 peripheral fibres). In a few micrographs 
one can just see 9 thinner fibrils situated centrally 
in relation to the somewhat thieker 9 peripheral 
fibrils (Fig. 7). On several pictures it is possible 
to see knot-like swellings on the fibrils im- 
mediately distal to the centriole (Fig. 8). Other 
pictures give the impression that all the fibrils 
are surrounded by lateral bands distal to the 
centriole (Fig. 9). It is possible that these bands 
are broken during the preparation of the sperm 
and that their remains are seen as the previ- 
ously mentioned knot-like formations. The axial 
fibres in the middle-piece are surrounded by 
a sheath. Some of our micrographs indicate that 
the sheath is formed as a double spiral (Fig. 
11), and is the mitochondrial sheath observed 
by optical microscopy. Investigations of sperma- 
tides during spermiogenesis demonstrate that 
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this structure is made up of mitochondrias. It is 
possible to see how the mitochondrias collect 
intracellularly around the bare axial fibre issuing 
from the centriole and gradually melt together 
to form the spiral sheath of the middle-piece, the 
so-called mitochondrial sheath (8). 


The structure of the neck and middle-piece is 
so complicated that much work needs to be done 
as yet before it will be possible to give a valid 
description of this part of the sperm. However, 
it is possible to show that the middle-piece is 
covered by a thin membrane approximately 50 A 
thick. 


The head 

As mentioned above, the head of the sperma- 
tozoa is too large and too dense in structure to 
allow the electron rays to pass through it. In- 
vestigations of the whole head therefore do not 
give many data which are unavailable to ordinary 
optical microscopy. It is consequently necessary 
to make ultra-thin sections if one is to avail one- 
self of the full power of resolution of the electron 
microscope. These sections are about 200 Á in 
thickness. However, research on sections as thick 
as 1000—2000 A shows that the structure of the 
sperm head’s achrosomal part (the foremost part 
of the head) is much less dense than that of the 
basal part, which appears completely homogene- 
ous on all mierographs. It is to be expected that 
the nucleus of the cell lies in the basal part of 
the head. A varying number of vacuoles have been 
found in the achrosome, and their shape and 
size are likewise variable. However, some of 
these vacuole formations seem to be degeneration 
phenomena. Our investigations have nevertheless 
shown that the structure of the head is more 
differentiated than has hitherto been suspected. 
In addition, it has been possible to prove the 
presence of galea capitis in human spermatozoa 
(17). Work on ultrathin sections has not only 
made it possible to describe the finer structure 
of the galea capitis, but has also enabled us to 
find important relationships between the achro- 
some and galea capitis. 


The description of the relationship between 
galea capitis and the head of the spermatozoa 
was rendered difficult by the artefacts mentioned 
earlier that occurred during preparation of the 
sperm (cf. Fig. 12). Figs. 12, 13 and 14 show 
that galea capitis is a sack-like structure that is 
pulled down over the forepart of the head. It 
consists of 2 lavers; the inner one nearest to the 
head and the outer laver, each of which is about 
50 A thick. The two lavers are separated by a 
space approximately 400 A wide. The galea 
stretches from the foremost point of the head 
down to the head’s equator, where the inner and 
outer laver form a cul de sac (Fig. 13). Galea 
capitis it bounded on its outer side by a thin 
membrane which continues past the equator of 


the head to cover the basal part. This outer mem- 
brane is only 50 Ä thick, and its continuation 
forms the membrane described above that covers 
the middle-piece, the tail and the tail tip (18). 
On a few pictures it has been possible to see 
that the galea capitis forms a pocket lining an 
achrosomal cavity. At the bottom of this achroso- 
mal cavity, some micrographs have shown a 
denser structure (Fig. 12). The cavity is other- 
wise filled by a structureless mass that continues 
into the mass filling up the space between the 
two galea capitis membranes, and which gives 
less contrast than the other parts of the head. 


DISCUSSION 

Up to the present there have only been a few 
electron microscopic investigations of human 
spermatozoa (4, 7, 10, 13 and 16), and as they 
have been carried out by means of the more 
conventional electron microscopical preparation 
methods, it is difficult for us to compare our 
results with those of other workers. The fibrillary 
construction of the tail can nevertheless be con- 
firmed by data from other investigations. It is, 
however, more interesting to compare our results 
with electron microscopic investigations of cilias, 
flagellates, and spermatozoan tails taken from 
animals. That one finds a fibrillary structure is 
perhaps not surprising, as Ballowitz (3) as 
early as 1888 mentioned that the tails of the 
sperm from a number of different animals were 
comprised of a bunch of isolated “elementary 
fibrils”. Polarisation microscopic research on 
living spermatozoa undertaken by Schmidt 
(15) brought to light birefringence which must 
be interpreted as indicating the presence of 
longitudinal fibrils in the tail. It is interesting 
to note that the same characteristic number of 
fibrils (i.e, 9 peripheral and 2 central) present 
in human sperm is found in electron micrographs 
of cilia, flagellates, and spermatozoan tails from 
a number of various animals. Investigations of 
spermatozoan tails from various mammals (bulls, 
rams and boars) carried out by Bradfield (5) 
demonstrated that the number of fibrils in the 
axial fibre was 9 + 9 + 2 central, two sets of 
fibrils being arranged concentrically at the peri- 
phery. In the middle-piece he found that there 
was a considerable difference in thickness, as the 
9 fibrils in the outer ring were much thicker than 
the 9 fibrils forming the inner ring. In the tail’s 
main-piece the two sets of peripheral fibrils were 
equal in thiekness. Our electron microscopic 
pictures of ecross-sections of human sperm tails 
and of split tail-tips likewise show that generallv 
there are 9 peripheral and 2 central fibrils. A 
few pictures indicate that there are 9 fibrils 
central to the 9 peripheral ones, but this structure 
seems difficult to observe in human spermatazoa, 
possibly due to the 2 sets of fibrils lying very 
close to each other. A further cause of difficulty 
in this respect is the fact that the methacrylate in 
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Fig. 1. 
Tip of the sperm tail. The axial fibre consists of 
separate fibrils held together by a thin outer mem- 
brane. The arrow shows where the membrane has been 
torn off the axial fibre. At the top one can see the 
beginning of the spiral sheath covering the tail. 
Scale: 1 u. 


Fig. 2. 
The tip of the tail. The azial fibre is split up into 
11 fibrils. The two central fibrils are thinner than 
the other 9 (a). Near the end of the fibrils one sees 
that they have been split into 2 filaments (hb). 
Scale: 1 u. 


Fig. 3. 
The split tail tip. The separate fibrils comprise a 
central fibril (a) surrounded by a spiral sheath (b). 
Scale: 1 u. 


Fig. 4. 
The main-piece. The arial fibre composed of separate 
fibrils (a) surrounded by the spiral sheath. The latter 
consists of parallel spiral fibrils, in the loops of 
which there is a lateral structure (b). Scale: 1. 


Fig. 5. 
The main-piece. Longitudinal section. Separate fibrils 
from the axial fibre (a). Gross-sections of the loops 
of the spiral sheath (b), bounded outwardly by a 
membrane 50 Â thick (ce). Seale: 1 u. 


Fig. 6 a, b and c. 
Cross-sectioned main-pieces. The arial fibre is com- 
posed of 9 peripheral fibrils (a) and 1 central fibril 
(b). Several cross-sections show that the latter com- 
prises 2 fibrils (c). The axial fibre is covered by a 
spiral sheath (d) and an outer membrane (e). 
Scale: 1 u. 


Fig. 7. 
Cross-section of the middle-piece. The axvial fibre 
consists of 9 peripheral fibrils of about 600 Â thick- 
ness (a). Inside these there is another ring of 200 Â 
fibrils (b). The central fibril cannot be differentiated 
into its 2 filaments (c). The axial fibre is surrounded 
by the mitochondrial sheath which is but poorly 
preserved in this preparation (d). Scale: 1 pu. 


which the cells are embedded is reduced by up 
to 25 per cent, and it is therefore very hard to 
see that there are two sets of fibrils. However, 
one must conclude that there is evidence for the 
assertion that the axial fibre of human sperm is 
composed of 9 + 9 peripheral and 2 central 
fibrils. 

The presence of galea capitis in human sperm 
must be said to have been proved bevond doubt, 
solely due to the use of ultra-thin sections. The 
presence of this structure in human sperm is 
also to be expected from a phylogenctic view- 
point, as it has been found in a number of various 
animals both by means of optical microscopv and 
by electron microscopy (6, 14). The shape of the 
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Fig. 8. 
The neck. Centriole (a) and knot-like swellings on 
the fibrils composing the axvial fibre. The mitochon- 
drial sheath has been forced off during preparation. 
Scale: 1 yu. 


Fig. 9. 
Section of the neck. Gentriole (a), 
rounding all the fibrils of the axrial fibre (b) and 
sectioned loops of the mitochondrial sheath (c). 
Scale: 1 u. 


lateral band sur- 


Fig. 10 a and b. 
Stereomicrograph of the main-piece. The axial fibre 
surrounded by its spiral sheath. The separate loops 
in the spiral sheath comprise two intertwined fibriis 
(a). Scale: 1 u. 


Fig. 11 a and b. 
Head and middle-piece. Stereomicrograph. The tails 
spiral sheath ceases at the beginning of the middle- 
piece (a). The axial fibre continues unaltered up 
through the middle-piece. This is here surrounded by 
the spiralled mitochondrial sheath (b). Seale: 1 u. 
Fig. 12. 
Longitudinal section of the head. Galea capitis consists 
of an outer membrane (a) and an inner one (b), which 
continues down into and lines a cavity in the achro- 
somal part of the head (ce). Galea capitis has been 
forced off the head. On the surface of galea capitis 
there is an outer membrane approxrimating 50 Â which 
continues down to the basal part of the head (d). 
Scale: 1 u. 


Fig. 13. 
Longitudinal section of the head. Galea capitis lies 
close to the head. The outer membrane (a) and the 
inner one (b) form a cul de sac (c) at the equatorial 
plane of the head. A membrane 50 Â thick covers the 
galea capitis and continues down to the basal part of 

the head {d). Scale: 1 u. 

Fig. 14. 
Cross-section of the achrosomal part of the head. 
Galea capitis lies close to the head and is seen to 
comprise an outer (a) and an inner membrane (b) 
surrounded by a third membrane of about 50 À in 

thiekness. Scale: 1 u. 


galea capitis is varied, however, being sometimes 
like a cowl, sometimes like a hook or a spike. 
The close relationship between galea capitis 


and the achrosomal part of the sperm head 
suggests that the differentiation of the head’s 
structure is more complicated than has been 


assumed hitherto. One must thus suppose that it 
contains more than the nucleus. 

Afzelius (1) has recently found an inden- 
tation in the achrosomal part of the head of the 
sca-urchin sperm similar to that we have ob- 
served in human sperm. Randall & Fried- 
laender’s pictures (12) of whole spermatozoa 
from the ram also seem to manifest a structure 
of the same type, and Retzius has mentioned 
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such a structure in his description of the astro- 
pect irregularis and the solaster paposus. 

As vet it is impossible to decide upon the 
function of galea capitis and the achrosomal part 
of the sperm head. But just as one must expect 
that the head is morphologically more differ- 
entiated than has hitherto been supposed, one 
must also expect it to have other functions than 
merely that of containing the nucleus and the 
genes which are to be transferred to the female 
cell. 

As galea capitis always forms part of the 
spermatozoa of several various tvpes of animals, 
it might be supposed that it together with the 
achrosomal part of the head, has an important 
part to play with regard to the possibility for the 
sperm to reach the egg-cell. 


SUMMARY 

A short survey is given of the possibilities for 
obtaining a detailed deseription of the morpho- 
logy of human spermatozoa by means of elec- 
tron microscopy. 

Using partly suspension preparations dried by 
the “critical point method”, and partly ultra-thin 
sections, it has been possible to demonstrate the 
following: 


1. The tail of the spermatozoa is a complicated 
fibrillary structure resembling the spermatozoa 
of other mammals, as well as cilia, flagellates, 
and tails from spermatozoa belonging to various 
lower animals. 

2. Human spermatozoa have a galea capitis; 
its relationship to the achrosomal part of the 
head is described. 
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A CATAMNESTIC INVESTIGATION OF DANISH TWINS 
A PRELIMINARY REPORT 


By B. HARVALD and M. HAUGE 


Investigation of twins and investigation of 
families by the proband method are the classical 
methods of investigation in human genetics. The 
two methods supplement one another as the twin 


From the University Institute for Human Genetics, 


Copenhagen. (Chief: Professor Tage Kemp). 


method partly renders information whether a 
given character is hereditary at all and partly 
renders possible a certain quantitative evaluation 
of the etiological significance of hereditv in re- 
lation to exogenic factors while the proband 
method may, in certain cases, give information 
on the mode of inheritance. 


The twin method is based upon comparison 
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of concordance (simultaneous occurrence) of a 
given quality among uniovular twins (MZ) with 
concordance among binovular twins (DZ) and 
preferably such of the same sex. If the con- 
cordance is significantly greater among the unio- 
vular than among the binovular pairs, this is 
evidence that the given quality is hereditary. If 
the concordance is equally great in both the 
groups, the quality is either dependant solely on 
exogenic factors or connected with a gene uni- 
versally distributed in the given population (e.g. 
light skin colour among Europeans). If all the 
uniovular pairs of twins show concordance, this 
may be evidence that heredity is the only etio- 
logical factor. 

If concordance is encountered only in a number 
of the uniovular pairs, but still in more than of 
the binovular, this indicates that the quality is 
hereditary but that its manifestation is, in ad- 
dition, determined by environmental factors. 
Where disease is concerned, discordance among 
the uniovular twin pairs may be due to the fact 
that the gene or genes concerned show a lack of 
penetration, viz., certain environmental factors 
must be present before the disease becomes mani- 
fest. The discordance observed may, however, 
also be because the disease concerned is not an 
etiological entity but purely exogenically con- 
ditioned in certain cases and hereditary in others 
and then perhaps with full manifestation. 

A certain expression for the quantitative sig- 
nificance of heredity may be obtained by intro- 
duction of the concordance values for un- 
iovular twins and binovular twins in the follow- 
ing equation: 

es Cuz — Cpz 
ins 1—-Cpz 

H thus indicates that fraction of the difference 
between a pair of binovular twins which is due 
to hereditary factors. 

The particular problems associated with the 
investigation of uniovular twins, separated from 
one another since birth and reared apart, will 
not be dealt with here as such pairs of twins arc 
not involved in the present investigation. 

The dominating source of error in twin in- 
vestigations is incorrect selection of the material. 
Most frequently a compilation from a hospital 
or out-patient material of twins with a disease 
is concerned. If the investigator restricts himself 
to include patients who are stated to be twins 
in the case history and does not investigate the 
records of birth for each individual with the 
condition, frequently an extremely laborious 
work, it is practically inevitable that the figures 
for concordance become too large. The various 
techniques of selection are probably also the 
cause of the very varving results recorded in the 
literature concerning many diseases. 


The object of the present investigation is thus 


to compile a non-selected material of twins, in- 
vestigated catamnestically, according to a method 
which can be repeated in other regions in the 
Western civilization so that the material mav 
possibly be added to. An investigation following 
the same pattern was previously attempted in 
Germany (Camerer & Schleicher, 1935), 
but the period of observation employed was so 
short that only isolated diseases, occurring in 
childhood, could be investigated. In his unique 
ratamnestic investigation of a material of 5,500 
individuals in Bornholm born during the vears 
1883—87, F re mming (1949) demonstrated the 
possibility of carrving out such long-term cat- 
amnestie investigations in Denmark. 





METHODS AND MATERIAL 

The plan in the present investigation was to 
select all twins born in Denmark during the 
vears 1870—1910 from the registrations of births. 
By means of censuses, national registrations, legal 
documents from partition of property on death 
and through contact with local pastoral and civil 
authorities, the twins thus selected were traced 
to their present place of residence or to their 
deaths. All pairs of twins in which one or both 
of the twins died prior to the age of 5 vears were 
primarily excluded from the material as all 
conditions occurring so early (congenital de- 
formities, intelligence defects etc.) may be in- 
vestigated more easily and with much greater 
accuracy in more recent materials both as regards 
zygocity and the diagnosis of the disease. 

When a pair of twins had been traced, a 
questionnaire was sent to each of the twins or, 
in the case of death, to the nearest living relative. 
Inquiries were made concerning the following: 
All admissions to hospital Gwhere, when and for 

what condition?) 

The following diseases: 

Diseases of the Heart. 

Tuberculosis. 

Diabetes. 

Thyrotoxicosis and Goitre. 

Epilepsy. 

Chronic Arthritis. 

Gout. 

Asthma. 

Chronic Bronchitis. 

Myxoedema. 

Rheumatic Fever. 

Diseases of the Blood. 

Peptic Ulcer. 

Migraine. 

Nervous or Mental Disorders. 

Further, whether the individual is left handed, 
how many children he/she has and how 
many twins are present among the children. 

In the case of twins of the same sex, inquiries 
were made about similarity (confused bv 
the parents? by acquaintances?). 
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As a sort of check of the information obtained, 
all twins were in addition questioned as 
regards the possible diseases of the twin 
partner. 

In cases in which the replies obtained showed 
that neither of the twins suffered from any pa- 
thological condition, the case history was filed 
and no further steps were taken to confirm the 
zygocity diagnosis. In all cases of hospitalization, 
the case histories were borrowed from the hospi- 
tals concerned. When information was obtained 
concerning serious chronic disease for which the 
patient had not been hospitalized, the general 
practitioner was contacted or the patient was 
personally examined by the authors. In all cases 
of malignant tumour, description of autopsy and 
histological examination were obtained where 
possible. Further, death certificates were re- 
viewed for all the twins who had died. 

In the twins suffering from conditions in- 
vestigated by the authors, attempts were made 
to confirm the zygocity diagnosis by examination 
of the blood groups according to 8 systems (ABO, 
MNS, P, CceDEe, Lewis, Duffy, Kell, Lutheran) 
or if only one of the twins was alive by review 
of old photographs and information from rela- 
tives. 

The preliminary material which will be re- 
ported here, is distributed approximately as 
follows: 

9,360 pairs of twins have (Mav, 1, 56) been com- 
piled from the registers of births from the Danish 
islands East of the Little Belt. 


Table 


Of these, 1,900 pairs have been completely in- 
vestigated. 

In 850 pairs, contact has been established but 
investigation is not yet complete. 

1,700 pairs are being traced through the national 
registrations. 

2,000 pairs have hitherto proved impossible to 
trace, in the majority of cases probably because 
of early death. 

In 2,910 cases either one or both of the twins 
died prior to the age of 5 vears. 


RESULTS 

Concerning the 1,900 pairs of twins in whom 
the investigation is complete, the number of 
cases of disease found is given in Table 1. In 
evaluation of the numerical values given in the 
table, various reservations must, however, be 
made. Thus, from the figures recorded in the 
table for concordant and discordant cases for 
each disease, concordance cannot be calculated 
directly. Exact calculation of concordance for 
each disease demands detailed knowledge of the 
age at which the disease manifests itself and of 
the age distribution of the twins, and this will 
not be undertaken until the entire material has 
been compiled. In order to render a certain 
evaluation of concordance possible, only pairs 
of twins are included in the table in whom the 
non-affected twin has survived the greater part 
of the period of manifestation. For each disease, 
the required age is therefore stated which the 
non-affected twin must at least have attained in 


Ì. 


Different diseases in 1900 unselected twin pairs. 











Diagnosis A A a p same sex a diff. sex 
conc. _ disc. conc. _ disc. conc. _ disc. 

Rheumatoid arthritis (40) .……..............…. 2 17 8 22 2 25 
EE ennen denkn ee dnds teen 180 6 29 6 65 4 70 
ER RE wete ere rvan de kk ) 2 | 0 9 0 4 
A OR enen rda ae en 10 10 2 15 2 25 
KE eeen eer nn | 8 2 21 ij 1 
eneen ee oane 12 17 10 36 4 1 
nn lernst eemnes 14 11 6 34 0 36 
Thyrotoxicosis and goitre (30) 16 5 4 12 0 21 
de eeen 2 0 0 1 0 3 
Peraislous anmnemia (80) …….…...........…..... 0 3 0 { 0 4 
Arteriosclerotic heart disease (60) …….….…....…. 14 Hij 15 23 6 18 
ER OE €00) oaeen sereeenees ka 4 7 8 16 0 27 
EE enne ema einen deden 36 } 6 4 9 0 14 
voerende 143 14 23 6 13 14 13 
etn reeel de Entered 12 12 2 20 ! }4 
Hypertrophy of the prostate (60) 65 3 0 3 0 8 
EEA EE 4 1 0 2 0 ) 
oee NE senen wal en 2 0 0 3 0 | 
OBR aansneed 212 10 39 4 66 10 83 
Psychiatric diseases: 
EN nnee eneen we 2 1 2 10 2 7 
Manic-depressive insanity (40) .…...........…. 10 2 0 10 0 6 
ONE emeente ee dae 2 l 4 11 0 15 
nnen ete ee kee dik Dn dae ee 0 2 2 8 2 11 
oenen ere RRD abe eer iS 2 8 0 11 0 8 
Neurosis mental depression (30) …… 0 6 4 12 0 19 





The figures in brackets indicate the lowest age of the healthy co-twin. 
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order that the pair be included in the table. Thus, 
when the number 60 is given for coronary 
sclerosis this implies that only such pairs are 
included in which the non-affected twin has 
attained the age of at least 60 years. When both 
twins were affected prior to the age of 60 years, 
they are, naturally, included as concordant re- 
gardless of whether they had attained the age of 
60 years at the time of observation. 

In a catamnestic investigation such as this in 
which as probands for each group of disease 
all affected individuals in a limited population 
of twins are employed, the calculation of con- 
cordance and the incidence of manifestation must 
be carried out from the number of individuals 
affected and not from the number of affected 
pairs of twins. If, in a population of uniovular 
pairs of twins, 20 individuals are found who 
suffer from asthma it will be correct to regard 
these 20 as individuals although 10 of them 
comprize 5 concordant pairs. They are there- 
fore recorded in the table as 10 concordant cases 
and 10 discordant (cf. Bruno Schultz, 1936, 
p. 121). The fact that the recording is undertaken 
in this manner must be borne in mind in com- 
parison with other materials. 

It will be apparent from Table 1 that the pro- 
portion between the number of uniovular pairs 
of twins and the number of binovular pairs of 
twins in several groups deviates greatly from the 
proportion anticipated, viz., 1:4. There are proba- 
bly numerous explanations of this observation. 
Firstly, it is known that the mortality among 
uniovular twins in the first vear of life is greater 
than among binovular (Karn, 1953). When the 
selection of the material has been carried out as 
in the present material with elimination of all 
pairs of twins in which one or both twins died 
prior to the age of 5 vears, the difference in the 
final material will be apparent even if the excess 
mortality is relatively slight. Further, the tracing 
of uniovular pairs in which both twins are female 
is, as a rule, more difficult than the tracing of 
pairs in which both twins are male and also of 
pairs of different sexes. This condition also, 
particularly in an unfinished investigation such 
as this, will tend to diminish the uniovular group 
in proportion to the binovular group. 

Concerning certain groups of diseases, the 
deviation from the proportion anticipated be- 
tween the number of uniovular and binovular 
pairs is, however, so great that it must be pre- 
sumed that rather special factors have plaved a 
part. This holds true primarily for certain of the 
psychiatrie conditions, oligophrenia, epilepsy, 
schizophrenia, neuroses and depression and, a 
group not mentioned in the table, criminality. 

Concerning oligophrenia and epilepsy, various 
explanations are possible. The mortality among 
infants with cerebral lesions is thus, and was 
probably particularly in the past, very much 
greater than that for the average population. The 


chance of rearing a pair of concordant oligo- 
phrenic twins to over the age of 5 vears was 
thus probably slight and for this reason, many 
pairs of this type particularly have probably 
been excluded from the material on account of 
early death. The same condition may also hold 
true of twins suffering from epilepsy on account 
of more serious brain lesions. 

Another source of error which also tends to 
reduce the uniovular group relatively is the un- 
certainty of the zygocity diagnosis in those cases 
in which the cerebral lesion has possibly tended 
to alter the appearance of the affected twin to 
a considerable extent. Such discordant twins, 
where accurate blood group diagnosis is not 
available, may easily be diagnosed as binovular, 
although in reality they are uniovular. A certain 
estimate of the extent of this source of error may 
be obtained employing Weinberg’s formula 
(1926) for the number of uniovular pairs in a 
population of twins: 
the number of pairs of uniovular twins —= the 

total number of pairs — twice the number 
of pairs of different sexes. 

If Weinberg’s formula is now employed for 
the group of oligophrenia and epilepsy together 
it is found that the anticipated number of un- 
iovular twins 61—56 —= 5. The number of pairs 
of uniovular twins observed is also 5 and thus 
it may be concluded that erroneous zygotic dia- 
gnosis has scarcely played any part in the uneven 
distribution in the present material. 

Whether particular conditions are concerned 
in the case of epilepsy remains uncertain. Thus, 
Rosanoff, Handy and Rosanoff (1934) 
have already drawn attention to the fact that 
the incidence of epilepsy was significantly greater 
among binovular twins than among uniovular 
twins and it must also be noted that in the present 
material, the incidence of epilepsy among bi- 
novular twins is approximately twice that an- 
ticipated in a Danish population. 

Concerning schizophrenia, neuroses, depres- 
sion and criminality, the displaced proportion 
may be expression of a random statistical pheno- 
menon, but the possibility that neurotic reactions 
and psychoses actually occur more rarely among 
uniovular twins than among the others can bv 
no means be entirely excluded. 


DISCUSSION OF THE INDIVIDUAL GROUPS 
OF DISEASES 

The first sub-group in Table 1 comprizes the 
rheumatic joint conditions. As regards rheumatoid 
arthritis, the figures appear to be evidence that 
hereditary factors have no influence on the etio- 
logy of the condition. Thus, greater concordance 
is present among the binovular pairs of twins 
of the same sex than among the uniovular pairs 
of twins. A total of 76 cases of rheumatoid ar- 
thritis were found in the material, which com- 
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prizes approximately 3,800 individuals. This 
implies an incidence of the condition of ap- 
proximately 2 per cent. Out of the 76 cases, a 
total of 12 show concordance, so that the cal- 
culated incidence of the condition among the 
partners of twins who suffered from chronic 
rheumatoid arthritis is approximately 16 per 
cent. This indicates a considerable familial ac- 
cumulation of the disease. The combination of 
these findings: great familial accumulation on the 
one hand and absence of dominant concordance 
among the uniovular pairs of twins, is more easily 
explained as an expression of the fact that the 
manifestation of the disease is dependant only 
on environmental factors and that the environ- 
mental factors which provoke the disease strike 
in a familial manner (climatic conditions, nu- 
trition, living conditions, infection?). The con- 
cordance is found to be distinctly greater among 
the binovular twins of the same sex than among 
the binovular twins of different sexes. This may 
be an expression of the sex-limited manifestation 
of the disease as women are attacked consider- 
ably more frequently than are men. 

As regards rheumatic fever, the figures re- 
corded in the table must be regarded with con- 
siderable reservation and, similarly, the absolute 
concordance values scarcely permit accurate 
evaluation as the figures are based solely upon 
information given by the patients themselves. 
Verification of the diagnoses was impossible in 
the majority of cases as most of the patients were 
treated at home and the differential diagnosis 
from other pyrexial conditions associated with 
joint pains, particularly previously, was difficult 
or impossible. It is apparent from Table 1 that 
there is a slight but not significant preponderance 
of concordance among the uniovular pairs of 
twins. A total of 180 cases of rheumatic fever 
occurred among the 3,800 individuals investigated 
in the material, viz., an incidence of approximate- 
ly 5 per cent. As, in the majority of cases, rheu- 
matic fever becomes manifest in childhood or 
in young adult life, the incidence found in the 
material should correspond closely to the in- 
cidence in the population. Rheumatic fever oc- 
curred in a total of 10 co-twins to 145 binovular 
twins with rheumatic fever or scarcely 7 per 
cent. The familial accumulation of the disease is 
thus slight. It is difficult to form definite con- 
clusions from the present findings but it is, 
however, improbable that hereditary factors play 
any particularly dominating part in the etiology 
of the disease. 

Concerning gout, the material compiled is far 
too small for any evaluation of the heredity of 
the condition to be undertaken. An investigation 
is planned with determinations of uric acid in 
a series of healthy pairs of twins in order to 
elucidate if the correlation between the uric acid 
values in uniovular pairs is greater than in 
binovular pairs of the same sex. 


Only bronchial asthma is included in the pre- 
sent material from among the diseases of allergic 
origin as it was considered that statements given 
by the patients concerning vasomotor rhinitis, 
angio-neurotic oedema and various skin con- 
ditions of allergic etiology would be too un- 
reliable a foundation for any conclusions. As 
regards bronchial asthma, a significantly greater 
concordance was found among the uniovular 
pairs of twins than among the binovular pairs of 
twins. A total of 64 cases of asthma are present 
in the material, viz., an incidence of 1.7 per cent. 
Schwartz (1952) found an incidence of 
asthma of 1.4 per cent for the population as a 
whole so that there is good agreement between 
the materials. Among 44 partners of binovular 
twins suffering from asthma, 4 cases of asthma 
or 9 per cent were found. This figure corresponds 
well with Schwartz’ finding of an incidence 
of asthma of 9 per cent among the siblings of 
asthma patients. 

The findings obtained by the authors are in 
complete agreement with those in the twin series 
by Spaich and Ostertag which is the only 
more comprehensive series concerning bronchial 
asthma hitherto recorded in the literature (1936). 
Spaich and Ostertag selected their pro- 
bands from a large population of twins of 2,500 
pairs in a manner similar to that used in the 
present material, the data being collected without 
regard to allergic conditions. Out of 7 uniovular 
pairs, 2 concordant and 5 discordant were found 
and out of 14 binovular pairs, one pair was con- 
cordant while 13 were discordant. As the se- 
lection of the material was carried out according 
to the method outlined above, each of the con- 
cordant pairs must be counted twice in the cal- 
culations of concordance which indicates a con- 
cordance of 0.44 for uniovular twins as compared 
with a concordance in the authors’ material of 
0.55. 

In respect of diabetes mellitus, the present 
material is still much smaller than previously 
published foreign series (e.g. Then Berg, 
1938). The present material does not deviate 
significantly from these and appears to indicate 
greater concordance among uniovular twins than 
among binovular. A total of 54 cases of diabetes 
were present among the 3,800 individuals in the 
material, viz., an incidence of 1.4 per cent. Un- 
fortunately, the present material is still far too 
small to permit the division of the material into 
severe cases developing early in life and slighter 
cases developing later, which would have been 
desirable. 

In the group peptic ulcer all cases of gastric 
and duodenal ulcers occurring in the material 
are included. In practically all the cases, the 
patients had been admitted to hospital on one or 
more occasions and the diagnosis confirmed by 
X-ray examination or by operation. A total of 
123 cases were found among 3,800 individuals, 
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viz., an incidence of over 3 per cent. The material 
thus gives an impression of the incidence of 
peptic ulceration in the population of Denmark. 
Concordance was found to be somewhat greater 
for uniovular than for binovular twins and, 
further, greater for the binovular pairs of the 
same sex than for those of different sexes. Among 
94 partners of binovular twins suffering frcm 
peptie ulceration, 14 cases of ulceration were 
found, i.e. an incidence of approximately 15 per 
cent. Thus, a very pronounced familial accumu- 
lation of the condition is present. The combi- 
nation of an increased concordance among un- 
iovular twins and considerable familial accumu- 
lation is most easily explained as an expression 
of the influence of hereditary factors. These 
findings, however, constitute no proof. Several 
factors seem to be evidence of the predominant 
significance of psychic stress in the development 
of peptic ulceration, conflict situations which 
produce neurosis included. Many of the factors 
which are active in childhood, e.g. bad social 
conditions, poor family relations etc. will in- 
fluence all the siblings so that familial accumu- 
lation is to be anticipated. Within a family, a pair 
of uniovular twins are more exposed to equal 
influencing than a pair of binovular twins as 
uniovular twins are frequently inseparable, parti- 
cularly in childhood. Thus both the familial ac- 
cumulation and the greater concordance among 
the uniovular twins than among the binovular 
twins may be explained by the influence of en- 
vironmental factors. 

This condition that uniovular twins are more 
equally influenced by the environment than are 
binovular twins implies that the result of an in- 
vestigation concerning twins must be evaluated 
with great reservation and it must be taken into 
consideration for each individual quality in- 
vestigated. As stated by Rife (1952), it is diffi- 
cult to evaluate the influence of this factor purely 
quantitatively. Theoretically, the problem can 
only be solved by investigation of uniovular twins 
separated from one another at birth and this is 
impossible in practice. 

Regarding cholelithiasis, a definite preponder- 
ance is found of concordant cases among the un- 
iovular pairs compared with the binovular pairs 
of twins of the same sex. The very low con- 
cordance among the binovular twins of different 
sexes is due to the sex-limited manifestation of 
the disease, cholelithiasis being much more frec- 
quent among women than among men. The in- 
cidence of the disease in the entire material is 
2.6 per cent. This figure must, however, be re- 
garded as a minimum figure as no direct questions 
were asked about cholelithiasis in the question- 
naire. Only the cases which had been hospitalized 
have, therefore, been included in this account. 

The values found for thyrotoricosis and goitre 
suggest great etiological significance of heredity, 
a result which is in agreement with Bartels’ 


investigations (1941). The difference in con- 
cordance between binovular twins of the same 
sex and among those of different sexes, mav 
similarly to the conditions in cholelithiasis, be 
explained as an expression of the sex-limited 
manifestation of the disease. Where myroedema 
is concerned, conditions similar to those in thyro- 
toxicosis were found but the numbers are, how- 
ever, still very small. 

A total of 11 cases of pernicious anaemia were 
found among the 3,800 individuals comprizing 
the material. The incidence of the condition in 
the material is, thus, approximately 0.3 per cent. 
This figure thus agrees excellently with the in- 
cidence of the condition of 0.3 per cent in the age 
group 60—80 vears given by Mosbech (1952). 
Mosbech (1953) found a considerable familial 
accumulation of pernicious anaemia and con- 
cluded from this that pernicious anaemia is a 
hereditary condition. He supported the assump- 
tion of a recessive heredity trait by the more 
frequent incidence among the siblings of the 
patients than among their parents or children. 
In the present material, no concordant cases of 
pernicious anaemia have, as vet, been found either 
among the uniovular or among the binovular pairs 
of twins but the material is still far too small to 
permit any definite conclusions. It must be ob- 
served here, that the greater incidence of per- 
nicious anaemia among siblings than among 
parents and children of patients suffering from 
pernicious anaemia, observed by Mosbeech 
(1953), is not necessarily due to recessive heredity 
but may equally well be an expression of the fact 
that the similarity in the environment is, on an 
average, much greater for siblings than for parents 
and offspring, if the difference is not solely an 
expression of the difficulty in establishing the 
diagnosis in retrospect in the previous generation. 

The following cardio-vascular conditions are 
classified together in the next group: coronary 
sclerosis, cerebral apoplery and arterial hyper- 
tension. It must be noted, that the values given 
for these diseases must be regarded as minimum 
values as the information given here solely con- 
cerns the hospitalized cases. There appears to be 
some preponderance of coneordance among the 
uniovular pairs of twins but a larger material is, 
however, necessary before any conclusions can 
be drawn. 

Tuberculosis is the only infectious disease con- 
cerning which the authors have considered it 
possible to collect sufficiently accurate infor- 
mation with the technique emploved. In the 
material, a total of 143 cases of tuberculosis with 
various localization are present. The incidence 
of the disease is thus 3.8 per cent. The con- 
cordance is approximately twice as great for the 
uniovular twins as for the binovular pairs of 
twins. The same proportion, approximately twice 
as great concordance for uniovular twins than 
for binovular twins, was found by previous in- 
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vestigators (Diehl and v. Verschuer 1936, 
Kallmanand Reisner 1943) but the absolute 
figures for concordance given by these authors 
are considerably greater than in the present ma- 
terial. Thus, Diehl and v. Verschuer found 
52 concordant among 80 pairs of uniovular twins 
and Kallmann and Reisner found 69 con- 
cordant among 78 pairs of uniovular twins, viz., 
concordance values which are 2—3 times greater 
than those obtained in the present material. This 
apparent discrepancy may be explained in various 
ways. The most important is probably that, in the 
present material, only manifest tuberculosis in 
the partner was regarded as concordance while 
in the other two materials, cases were also in- 
cluded in which the partner had tuberculous in- 
fection demonstrable only radiologically (calci- 
fied primary complex, enlarged hilar glands etc.). 
It is obvious that the figures for concordance will 
rise steeply if such cases be included. It must be 
assumed that in Denmark, at the turn of the 
century, the entire population was tuberculin 
positive and thus if patients who had suffered 
from a primary infection alone were included in 
the material, concordance of practically 100 per 
cent would be obtained both among the uniovular 
and the binovular twins. Only the manifest cases 
have, therefore, been included in the present in- 
vestigation as concordant as the authors are of 
the opinion that it is this condition which is of 
practical significance. A factor possibly also of 
some significance for the difference between the 
foreign and the Danish materials is the difference 
in the selection. In the Danish material, all in- 
dividuals with manifest tuberculous disease in a 
limited population of twins were included while 
in the foreign materials the twin probands are 
drawn from among patients in hospitals and 
sanatoria for tuberculosis. It is thus probable 
that the probands in the foreign materials have, 
on an average, suffered from more severe tuber- 
culosis than those in the Danish materials. This 
state of affairs also exerts an influence towards 
increasing the concordance. 

If the differences between the absolute figures 
for concordance be ignored, the Danish and the 
foreign materials are, however, in agreement in 
so far as the concordance for uniovular twins is 
distinctly greater than for binovular twins. There 
has been a tendency to interpret this difference 
as an expression of the significance of heredity 
for the manifestation of the disease, viz., heredi- 
tary factors should play a part in the development 
of resistance towards the disease. This cannot, 
however, be regarded as proved. The relations 
found may equally well be expression of the fact 
that uniovular twins have a greater chance of 
infecting one another than have binovular twins 
as the contact between them is so much greater 
than between binovular twins. In this connection 
it is of value to draw comparison with the con- 
ditions in measles (cit. Ríife 1952): concordance 


was found for uniovular twins in 95 per cent and 
for binovular twins in 87 per cent. If H be cal- 
culated according to the formula given on page 
155, a value of 0.61 is found, viz., heredity should 
play a considerable part in the manifestation of 
the disease and this despite the well known fact 
that measles will manifest itself in all individuals 
infected provided they have not previously had 
the disease. The greater concordance among un- 
iovular twins in these cases must therefore, eo 
ipso, be due to the fact that uniovular twins in- 
fect one another to a greater extent than do 
binovular twins. It is reasonable to presume a 
similar explanation where tuberculosis is con- 
cerned. 

In the table, only migraine is included out of 
the nervous conditions as the figures for the 
other diseases are still very small. A total of 84 
cases of migraine were encountered in the ma- 
terial, thus a frequency of 2.2 per cent. This 
percentage is somewhat lower than anticipated. 
Schwartz (1952) thus records the incidence 
of migraine in the Danish population as 4.1 per 
cent. In this connection, it must be borne in mind 
that numerous individuals in the present material 
have died long before the time of the investi- 
gation. In such cases, information concerning a 
disease such as migraine which gives no ob- 
jective symptoms is quite unreliable. The figures 
for concordance must therefore also be regarded 
as minimum figures. A definitely greater con- 
cordance was found for the uniovular pairs than 
for the binovular pairs of twins which with the 
reservations mentioned previously is evidence 
that hereditary factors are of significance in the 
etiology of the disease. 

No special questions were asked in the question- 
naire sent by the authors concerning the next 
three groups of diseases, prostatic hypertrophy, 
cataract and glaucoma. The values recorded thus 
only include the relatively few cases in which 
either the patient had been admitted to hospital 
for the condition concerned or where the patient 
spontaneously gave information concerning the 
disease. In all three groups, distinct preponder- 
ance of concordant cases among the uniovuler 
pairs was found as evidence of the hereditary 
nature of the diseases but this preponderance of 
concordance may solely be a sequel of the “in- 
correct” selection of the material. 

Concerning psychiatric conditions, the small 
number of uniovular pairs in several of the sub- 
groups has already been discussed previously. 
Only where the manic-depressive psychosis is 
concerned do the values found give clear evidence 
for the predominant significance of the hereditary 
factors. 

The nature and localization of malignant 
tumours are tabulated in Table 2. It is apparent 
that for all groups together only an insignificantly 
greater concordance is found among uniovular 
than among binovular pairs. This result is in full 
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Table 2. 
Malignant tumours in 1900 unselected twin pairs. 








localization . 
conc 
Mesodermal tumours 
(leucaemia, Iymfogranulomatosis, sarco- 
Do rvewedihmewene event teen se dean 0 
Carcinomata 
Upper alimentary tract, oesophagus …….……. 0 
er broers dan beke maker in eenn 1 
EN iatseerhhbaantddneniieawes eee 2 (2) 
Pancreas, bile duct, gall bladder .….….....…. 0 
Upper voopiratery tract …................ 0 
se ne siet de oe EET OR wee 1 
Ela e RbAN bne wa es Ge kn om 3 (2) 
EE  nosenendehaie redken 1 
WOE snrsestsseuvaarrnenwednst 0 
er PP PE 2 
Questional localization of primary tumours.. 0 
DE reto siendoide seed 0 
Total 10 (4) 





1Z Dz 
same sex diff, sex 

disc conc. disc. conc. disc. 
5 0 > 0 7 
3 0 1 0 9 
9 | q 4 (4) 11 
Hi) 1 8 0 16 
0 0 2 1 3 
| 0 0 0 2 
3 0 6 1 6 
5 2 (2) 8 1 13 
4 0 4 0 6 
1 0 13 1 11 
0 0 2 0 0 
2 0 4 | 5 
1 0 1 1 1 

39 4 (2) 66 10 (4) 83 





The figures in brackets indicate pairs concordant as regards localization. 


agreement with that stated in the literature. Thus, 
Verschuer and Kober (1956) found, in a 
material of 26 uniovular pairs and 64 binovular 
pairs, concordance as regards cancer on the 
whole in 3 and 12 cases, respectively, and simi- 
larly concordance with regard to localization in 
3 and 2 cases, respectively. In all 3 uniovular 
concordant pairs, cancer of the stomach was con- 
cerned. In a comprehensive material from the 
Cancer Registry in Copenhagen. Busk, C le m- 
mesen and Nielsen (1948) among 52 un- 
iovular pairs found 7 concordant as regards 
cancer on the whole and of these 4 were con- 
cordant as regards the nature and localization. 
Among 133 binovular pairs these authors found 
7 concordant in respect of cancer on the whole 
and 1 concordant in respect of nature and locali- 
zation. 

As regards localization, the concordant cases 
in our material were distributed as follows: 


Uniovular Pairs Binovular Pairs 


ff: breast — breast mf: cerebrum — breast 
ff: colon — colon mf: stomach — stomach 
ff: breast — skin mf: lung — cervix 
mm: prostate — stomach mf: stomach — stomach 
mm: lung — skin ff: breast — breast 
mf: pancreas — ab- 
domen? 
mm: rectum — stomach 
As appears otherwise from Table 2, the in- 


dividual groups are still too small for more de- 
tailed analysis apart from the most common forms 
of cancer. Cancer of the stomach comprizes the 
greatest single group. It is apparent, that no 
greater concordance is found among the un- 
iovular than among the binovular twins. Vid e- 
beek and Mosbech (1954) in their proband 


investigation concerning cancer of the stomach 
found definite familial accumulation. From this 


they concluded that cancer of the stomach was 
of hereditary etiology. However, with the present 
investigation as background, the possibility that 
“false” heredity is concerned depending perhaps 
on traditional dietary habits, cannot be excluded. 
Such an explanation would be compatible with 
the negative findings among twins. 


FUTURE PLANS 
Above, the authors have briefly accounted for 
the preliminary results of a catamnestic investi- 
gation of a population of twins. Unfortunately, 
in many of the groups the material still suffers 
from a deficiency which is common for the 


majority of investigations concerning twins, viz., 


inadequate numbers. The authors, therefore, 
intend to continue the collecting of data con- 


cerning twins and it should thereby be possible 
to treble the material. It may thus be anticipated 
that tangible figures can also be obtained in the 
more rare groups of diseases. 

As regards the study of the etiology of various 
diseases, special interest is attached to the study 
of uniovular discordant pairs of twins as in these 
individuals with identical hereditary endowment 
the possibility is present to a particularly high 
degree of analyzing the environmental factors 
on which the manifestation of the disease in the 
affected partner depends. The authors intend to 
undertake such an analysis in all the larger dis- 
ease groups. 

When the compilation of the material has been 
completed, the authors intend to undertake an 
analysis of the influence of hereditary factors 
on the expectation of life. A preliminary rough 
estimate suggests that the influence of hereditary 
factors is minimal compared with environmental 
factors. The authors hope also that it will be 
possible to undertake an estimation of the heredity 
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of twinning, a condition which is still far from 
elucidated. 

Finally, in co-operation with the University 
Criminological Research Institute, the authors 
have commenced an investigation of the criminal 
twins in the material, as elucidation of the in- 
fluence of hereditary factors on the social be- 
haviour of the individual is of the very greatest 
significance in forensic psychiatry. 


SUMMARY 

An account is rendered of the preliminary re- 
sults of a catamnestic investigation of Danish 
twins born in the vears 1870—1910. The investi- 
gation is complete concerning a total of 1,900 
pairs of twins. These include 76 with rheu- 
matoid arthritis, 180 with rheumatic fever, 64 
with bronchial asthma, 54 with diabetes mellitus, 
123 with peptic ulceration, 101 with cholelithiasis, 
58 with thvrotoxicosis or goitre, 85 with coronary 
sclerosis, 63 with cerebral apoplexy, 143 with 
tuberculosis, 84 with migraine and 212 with ma- 
lignant tumours. The results are discussed for 
each of the individual groups of diseases, the 
limitations of the method being stressed. 
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THE CAUSES OF MONGOLISM 


By JAKOB OSTER 


Since mongolism was first described by Lang - 
don Down in 1866 (2) this disease has been the 
subject of numerous scientific investigations. 
Throughout the past 50 years, the standing ques- 
tion has always been whether, in its etiology, the 
greater weight should be laid upon exogenic fac- 
tors - and here one thinks in particular of the 


From the University Institute for Human Genetics, 
Copenhagen. (Chief: Prof. Tage Kemp), and the Pae- 
diatric Dept, Central Hospital, Randers. (Chief : Jakob 


Oster, Senior Physician). 


various circumstances in the mother’s condition - 
or upon hereditary factors. Strong arguments 
have been put forward for both points of view; 
but when greater clarity has not been reached on 
these problems, the explanation is partly that 
much of the available material is limited and se- 
lected, and further, the individual investigator has 
often aimed one-sidedly at illuminating a single 
of the possibilities presented. 


PROBLEMS 


The purpose of the work is to attempt, from the 
author’s own investigations, to answer some of 
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those questions which parents of mongol cildren 
inevitably put to their doctors: How frequent is 
mongolism? Is it a hereditary disease? Has a mo- 
ther, who has once given birth to a mongol, a 
greater risk of having another mongol child than 
others? Can anything be said as to the real cause 
of the disease? Has one, on the whole, any chance 
of reducing the frequency of this form of mental 
deficiency either by individual or social hygienic 
measures? 

Naturally, the parents will ask their doctor 
many other questions concerning the mongol 
child; I shall not go further into these problems 
here, but refer to the monograph on mongolism 
published in 1953 (6), where furthermore a large 
part of the literature to date is referred to and 
discussed. 


MATERIAL AND PROCEDURE 

In recent vears, an investigation has been car- 
ried out at the University Institute for Human 
Genetics, Copenhagen, for the purpose of throw- 
ing light on the clinical picture and etiology of 
mongolism. The aim was to collect information 
on all mongols born and/or having resided within 
a certain delimited part of Denmark (Seeland and 
surrounding islands) over the period 1923-1949 
inclusive. In this way a sufficiently large unselec- 
ted material was succesfully collected. Because 
of the limited size of Denmark, the excellent regi- 
stration facilities for recording congenital illness 
and defects (Copenhagen University Institute for 
Human Genetics) and the insignificant tendency 
on the part of the population to emigrate, it has 
been possible to carry out this investigation with 
a high degree of reliability. “By collecting infor- 
mation from the lying-in departments and all 
hospitals, mental institutions and practitioners in 
the area mentioned, it was possible to register 
1006 mongols, 526 of whom were alive at the time 
the investigation took place. Working later with 
the Mental Defectives Welfare Organization within 
the same area, I obtained an idea of the thorough- 
ness of the registration, as there turned out to be 
only one single mongol who had not been inclu- 
ded in the investigation. This total of 526 living 
mongols constitutes the basis for the present in- 
vestigation. They have all been personally ex- 
amined by the author, who has also been in per- 
sonal contact with the parents, and has collected 
the genealogical information as well as informa- 
tion concerning the condition of the mother be- 
fore, during and after the pregnancy which re- 
sulted in the birth of the mongol. 


CLINICAL PICTURE 
As far as the clinical problems in connection 
with mongolism are concerned, reference should 
be made to the 1953 monograph (6). Here, I shall 
only consider those factors which have signifi- 
cance for the etiology. Mongolism, both as far as 
bodily and mental features are concerned, ap- 


pears to be a well-defined disease, where one is 
seldom in doubt as to the diagnosis - at anv rate 
in bigger children and adults. It must however be 
emphasized at the same time that pathognomonic 
features cannot be demonstrated, but that mon- 
golism is a symptom-complex, consisting of vari- 
ous characteristic, bodily abnormalities - presu- 
mably mairly developmental defects - in connec- 
tion with mental deficiency; to this must be add- 
ed that the clinical picture of the disease varies 
to some extent with age, so that in the last resort 
the diagnosis must be made on the basis of clini- 
cal experience and personal familiarity with the 
disease. It is of importance to stress this fact, 
because many people - also doctors - erroneously 
believe that mongolism and deep idiocy are iden- 
tical conceptions; in mongolism, however, all de- 
grees of mental deficiency appear. The difficulty 
of making the correct diagnosis is particularlv” 
great with the new-born, where the present inve- 
stigation, in material from the lving-in depart- 
ments, showed a frequency of non-diagnosed cases 
of 27 per cent, and a frequency of faulty-diagnos- 
ed cases of 5 per cent. Later on in childhood the 
difficulties are less; nevertheless, among 398 cases 
where the diagnosis had been made in the paedi- 
atric departments, it turned out in the follow-up 
to be wrong in 11 of these. 


INCIDENCE 

The incidence of mongolism among new-born 
varies with different investigators between 1:292 
and 1:1935; but if one ignores these extremes, one 
finds with the various authors an average inci- 
dence of 1 mongol for approx. every 600 live 
births, or 0.17 per cent. 

In the present investigation, the incidence of 
mongolism among live births was investigated bv 
looking up all the diagnosed cases from the vears 
1923-1948 inclusive, with the aid of the diagnosis 
sard-indexes and birth records of the two Iving-in 


Table 1. 
Ratio of live births to mongols in Rigshospitalet, 
Lying-in Departments A and B, during the two periods 
1923—1948 and 19381948 incl. 





Number Number Numberof 1 mongol 

Depart- of live of mongols per .… chil- 

ment births mongols ‚PSF 1000 dren born 
live births alive 


A 41028 29 0.71 1415 


1923 - 1948 B 43044 42 0.98 1025 
A & B 84072 71 0.84 1184 
A 19397 19 0.98 1021 
1938 - 1948 B 20391 33 1.62 618 
A &B 39788 52 1.31 765 





departments A and B of Rigshospitalet, Copen- 
hagen. On the one hand the diagnosed cases at 
birth were taken, and these were traced; and on 
the other hand, where a mongol turned out to 
have been born in the Iving-in departments in 
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question, the birth records were looked up. In 
this manner the mistaken diagnoses and the pri- 
mary undiagnosed cases were reduced to a mini- 
mum, and simultaneously the number of mistak- 
enly diagnosed and undiagnosed cases established 
with considerable certainty (respectively 5 per 
cent and 27 per cent). Table 1 shows the inci- 
dence in each department by itself, and also for 
the period 1938-1948. The greatest incidence is 
found in department B during the years 1938- 
1948; but even this figure - 1 mongol among 618 
live births - must be considered as a minimum 
figure. However, in the calculations which follow, 
I have worked with a probability of 1:618 or 0.162 
per cent that a birth will be mongol birth. 

The incidence of mongolism in the population 
is quoted by different authors within such wide 
limits as 1:1000 and 1:10000. 


In the present work the author has carried out 
the frequency investigation personally, and has 
had the benefit of the conditions mentioned pre- 
viously, the result of which is that such investi- 
gations can be carried out with very great ac- 
curacy in Denmark. The great majority of the 
cases constituting the basic material (the 526 
living mongols) were born and resident within 
the previously mentioned delimited land area. On 
a definite date (1-7-1949) 463 mongols were found 
to be resident within that area. In this number 
are included those mongols placed in institutions 
outside this area, but who would have been resi- 
dent within the area if they had in fact been 
living with parents or near relatives. At the date 
mentioned the land area in question had a popu- 
lation of 1,841,855 persons, giving 1 mongol per 
3978 individuals, or approximately 1:4,000. That 
is to say, there are in all approx. 1000 mongels in 
Denmark, provided that the birth rate and mor- 
tality rate are the same in the other parts of the 
country as in the area investigated. 

The incidence of mongolism in children’s hos- 
pitals appears from the fact that during the pe- 
riod 1923-1949 there were 402 mongols among 
92,626 children admitted to the children’s hospi- 
tals in Copenhagen, that is, approx. 0.4 per cent. 
Furthermore, the mongols constituted 23 per cent 
of all the mentally deficient cases admitted to 
children’s hospitals. 

The incidence of mongols in homes for mental 
defectives varies in Denmark, as in other coun- 
tries, from institution to institution (2.3 per cent— 
9.5 per cent). The mongols constituted approx. 5.5 
per cent of all mental defectives under public 
care; but on account of the frequency found in 
the population, and on the assumption that mental 
defectives constitute approx. 1 per cent of the 
population, the mongols must constitute approx. 
2.5 per cent of all mental defectives (both under 
public care and not under public care). Barely 
half (235) of the 526 mongols were placed in 
homes for mental defectives. 

Ser distribution was found to be normal both 


among the new-born and in the population. The 
mongols were distributed throughout all social 
classes; however, the greatest frequency was 
found where the parents belonged to the group 
”independently engaged within the administrative 
and liberal professions” - that is to say, just those 
population groups which, as experience shows, 
marry latest. The age of the mother at the time of 
child-bearing is thus relatively high in these fami- 
lies. 

Age of the mother. In previous etiological stu- 
dies the only constant finding has been the more 
advanced age of the mother of the mongol. In 


Table 2. 
Age distribution of mothers at birth of mongol. Ab- 
solute and percentage distributions. For comparison, 
percentage age distribution of child-bearing mothers 
in Denmark, set out in the same age groups as the 
mothers of the mongols. 





Mothers of mongols 








2 ze 
2 8 u 
3 gs s Ees 
” 5 35 ArE85 
5 & 5 £ „8008 
° = es sSARE 
ac E, © 2 Ee os 
< z & T VEST 
15-19 11 2.1 5.6 
20—24 56 10.8 25.3 
25—29 68 13.1 30.4 
30—34 79 15.2 21.6 
35_—39 142 27.4 124 
40 5 28.0 4.4 
45-49 17 3.3 0.3 
Total of 
known age 518 99.9 100.0 


at delivery 





Table 2, the frequency distribution of mongols 
according to the age of the mother at the time of 
birth of the mongol is shown, from the present 
material. It is compared with a normal series of 
births, also distributed according to the age of the 
mother, these normal births being classified with 
respect to the calender vear in a manner corrc- 
sponding to the classification of the 518 mongol 
births. It appears from the table that there is a 
clear tendency towards a considerably higher age 
for mothers giving birth to mongols than for mo- 
thers giving birth to normal children. The average 
age for the mothers at the birth of the mongol 
was 35.1 vears. The average age for parturient 
mothers in the Danish population is 28.7 years. 
As mentioned, I found one mongol for each 618 
live births by frequency investigation of the new- 
born. If we examine Table 2, we should therefore 
expect to find 100/618 mongol births among the 
100 births in the last column. These are distri- 
buted according to the age of the mother, as the 
figures in the middle column show; we can thus 
find how many of the 100 births in the last co- 
lumn give a mongol birth in, say, the age group 
15-19 vears, bv multiplving 100/618 by 2.1/100: 
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Table 3. 
Frequencies of mongols born to women in different 
age-classes, and gearly number of births and of 
mongol births in Denmark according to mother’s age. 





Yearly number Yearly number of 


Incidence of 
of births mongol births 


Age mongol births 


(per cent) in Denmark in Denmark 

15—19 0,061 3920 2 

20 —24 0,069 17710 12 

25—29 0,070 21280 15 

30—34 0,114 15120 17 

35—39 0,358 8680 31 

40 —44 1,030 3080, - 0, 32\ 
45-49 _ 1,780 eG jo af 20-1 lo 
Total 0,162 70000 113 





ie, all 2.1/618. Now, of the 100 births, there 
were 5.6 in the age group 15-19 years, which is to 
say that the mongol births in that age group con- 
stitute 2.1/618X100/5.6 per cent = 0.061 per cent 
of all births in that age group. The figures thus 
calculated for the various age groups appear as 
the first column of Table 3. In addition, Table 3 
shows the number of births distributed according 
to the age of the mother, with an annual birth- 
rate of 70,000; this is an approx. figure for the 
number of children born annually in Denmark. 
The figure in the last column shows the number 
of mongol births which can be expected annually 
in the different age groups; in all, 113. 

Familial occurrence of mongolism. It has been 
possible to collect from the literature approx. 30 
well documented cases of multiple occurrence of 
mongolism in siblings, in addition to many cases 
of such an uncertain nature that the diagnosis 
may properly be doubted; and finally there is a 
large body of information on families with nu- 
merous but more distantly related mongols. The 
question is whether this ”familial occurrence” is 
more frequent than one would expect statistically. 

After the birth of the 526 mongols constituting 
the present material, the mothers of these have 
had a further 354 live births, 4 of which were 
mongols. This figure is quoted erroneously as 6 
in the 1953 monograph. The mongol frequency 
in the Iying-in departments was found to be, as 
stated, 1 mongol for each 618 live births; but 
because of the higher age of the mothers of the 
mongols, a somewhat greater incidence of mon- 
gols must be reckoned with. The greatest inci- 
dence in the present material is found in the age 
group 45-49 years: 1.78 per cent, as appears from 
Table 3. The incidence of yet another mongol 
among siblings (4 among 354 living births) gives 
11 per cent, î. e., almost the same order of magni- 
tude. 

An upper limit to the anticipated incidence of a 
mongol birth among these 354 live births can be 
found as follows (Table 4): 

The age at the time of the birth of the mongol 
is known for the 518 mothers (Table 2), and is 
the first column in Table 4. If this distribution 


Table 4. 
Computation of approximate distribution of mothers 
of mongels according to ages at births after that of 
the mongel. 








aaien kk 8 
k 5 | SES, 5 S5 
te _ k pe) Le pd = be 
Age sErs 2â Bass S6,8 Z385 
ESEee e 5 od 6 zES Een 8 
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ZESE © ate SSAe ZEGE 
15—19 11 11 0.6 0,061 0.00 
20 —24 56 67 3.7 0,069 0.00 
25- 29 68 135 1.5 0,070 0.00 
30—34 79 214 11.9 0,114 0.01 
35—39 142 356 19.8 0,358 0.07 
40 —44 145 501 27.8 1,030 0.28 
45 —49 17 518 28.7 1,780 0.51 
Total 518 1502 100.0 0.89 





is made cumulative, as is done in the 2nd column, 
we obtain for each age group, assuming that the 
mothers do not die before the age of 50, how 
many years the mothers have lived after the birth 
of the mongol, except for a factor of 5. In co- 
lumn 3, these numbers of years distributed accor- 
ding to age are given as per cent of the total 
number of years lived before the age of 50. On 
the assumption that the 354 live births after the 
mongol birth are born with the same incidence, 
independent of the age of the mother, from the 
time of the mongol birth and up to the age of 50, 
they will be distributed according to the age of 
the mother at the birth in the same way as the 
number of years lived. The fact that the birth- 
rate is greatest for young women is ignored. 100 
births after the mongol birth are thus distributed 
as shown in the 3rd column. If the figure in the 
3rd column is therefore multiplied by the inci- 
dence of a mongol birth in the age group (recor- 
ded in 4th column, cf. Table 3), we will be able 
to find how many of the 100 births after the mon- 
gol birth will be mongol births in the age group 
in question. The total will then indicate how 
many mongol births in all can be expected among 
the 100 births. 

As will appear from the table, this incidence, 
which with the assumptions made must be an 
upper limit, is 0.89 per cent. Four in 354 —= 1.1 per 
cent does not deviate significantly from this, so 
that in the material presented it has not been 
possible to demonstrate any familial accumula- 
tion among the siblings. 

Sheldon C. Reed (5) has criticized this cal- 
culation and writes as follows: “However, this 
estimate of 0.89 per cent is based on the assump- 
tion that the children subsequent to the Mongoloid 
child were equally distributed over the years 
from the birth of the Mongoloid to the time the 
mother reached 50. But an even distribution of 
the children over these ages would not occur; 
consequently a bias of considerable magnitude 
has been introduced into the calculation of the 
0.89 per cent. The correct expectation should be 
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Table 5. 


The normal mongol incidence among live births together with the observed and calculated incidence of 
mongols among siblings to the mongol. 
Distribution of siblings according to the age of the mother in the case of births after the propositus and 
with all births both beforeand after the propositus. 











Siblings both before and after the 





5 _ä Siblings after the propositus propositus 

= on âa 

z eK a = ms ° — 

mi ef ev. 2 = o.2 De e 

8 Z5% 5 =8 255 5 5 =8 258 ij 

4 SEE 5 SE | ze z sE ZEE ze 
15—19 0,061 0 51 0,03111 8 
20-24 0,069 26 1 0,01794 7.6 327 2 0,22563 18.1 
25-29 0,070 65 1 0,04550 19.0 570 2 0,39900 31.6 
30—34 0,114 15 2 0,08550 21.9 444 3 0,50616 24.6 
35 —39 0,358 96 0,34368 28.0 301 1,07758 16.7 
40 —44 1,030 70 0,72100 20.4 102 1,05060 5.6 
45 —49 1,780 1 0,19580 3.2 1 0,19580 0.6 
In all 343 4 1,40942 100.1 1806 7 3,48588 100.0 





2 og 3 fold lower”. Ree d came to this conclusion 
statistically (personal communication), by distri- 
buting the 354 births after the propositus according 
to normal distribution of births after the age of 
the mother in Denmark; but also according to 
this calculation it is impossible to say whether one 
arrives at a correct figure. 

As the crucial point is the fact that these cal- 
culations are based on assumptions the validity 
of which can be questioned, I have collected in- 
formation on the age of the mothers for all births 
both before and after the first mongol, so that it 
should be possible from this to reach an exact 
estimation of the expected frequency of a further 
mongol among the siblings. As a result of this 
revision of the material, it appeared that 11 si- 
blings of the propositi had, according to their 
birth data, to be moved forward to the period be- 
fore the mongol, with the result that there were 
then 343 - and not 354 - siblings. In Table 5 the 
first column gives the normal percentage incidence 
of mongols (from Table 3) among live births, dií- 
stributed according to the age of the mother. As 
we know at the same time the number of live born 
siblings after the propositus (Column 2), one can, 
by multiplying column 1 by column 2, calculate the 
expected number of mongols among the siblings 
after the propositus (Column 4), and this gives 
in all 1.41. 4 mongols were found in all. The 
probability of finding as many or more by com- 
parision with the expected number is, according 
to the Poisson distribution, P 5.5 per cent. It 
is therefore not significant even though the pro- 
bability does not lie far from the 5 per cent limit. 
In the latter half of table 5 it has been investigated 
whether the mongol births among all the siblings, 
but without the propositus, were more frequent 


than expected. Column 6 shows how the total of 
all siblings is distributed according to the age of 
the mother at the birth. According to the proce- 
dure in the propositus method, 7 have been found 
among all siblings here, and the expected number 


is calculated as 3.48, which gives a probability of 
6.5 per cent. There is therefore no significance 
present here either. 

If one furthermore compares the last column in 
Table 5 with the last column in Table 2, it is 
clear that there is a shift in the direction of mo- 
thers of mongols giving birth to children at quite 
an advanced age, and it is consequently unreali- 
stic - as Reed has done - to assume in the calcu- 
lations that the birth of children following the 
mongol was distributed in the same manner as 
births are otherwise distributed in the Danish 
population according to the age of the mothers. 


In addition to the multiple cases mentioned 
within the siblings of the propositus, a further 
10 mongols were found among the relatives of the 
propositi, but so distantly related that it has not 
been possible to make them the object of a stati- 
stical evaluation. As an estimate, there is no ques- 
tion of an accumulation over and above what 
might have been expected, if such distant bran- 
ches of the family were included in the investi- 
gation. 

TWIN INVESTIGATIONS 

In the literature, a number of cases of mongol- 
ism in twins has been reported. It appears with 
very great certainty that dizygous twins are dis- 
cordant, while monozygous twins are concordant. 
In Table 6, 98 twin pairs are set out from the litera- 
ture; to these can be added that in my own inve- 
stigation there were 25 twin pairs among the 
siblings of the mongol propositi. In 4 of these 25 
twin pairs the one child was a mongol; in the 3 
cases it could definitely be decided that the twins 
were dizygous. 

In the literature, the incidence of twins has 
been taken as an indication that mongolism is a 
hereditary disease. Others attempt to bring the 
incidence of twins into agreement with the con- 
ception that mongolism is due to exogenous fac- 
tors or a combination of genetic and exogenous 
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Table 6. 
Incidence of twins in the literature. 





Absolute Probably Probably Uncertain Total 
dizygous dizygous monozygous zygosity 





Concordant 0 3 8 8 19 
Discord ant 34 18 0 27 79 
Total 34 21 8 35 98 





factors. I shall avoid taking up a point of view 
on this problem, which at present presumably 
cannot be evaluated in an unambiguous manner. 


DISEASES AND DEFECTS IN RELATIVES 
OF MONGOLS 

As a result of the genealogical investigation, 
information was obtained on various diseases and 
defects among the relatives, but only near relati- 
ves to the propositus were included, by which is 
understood siblings, their children, the parents 
of the propositus and their siblings, as informa- 
tion regarding distant relatives is uncertain and 
valueless. In all, precise information was collected 
on 9342 near relatives to 516 propositi. It should 
be mentioned that first cousin-marriages among 
the 526 parent couples to the propositi were only 
found in 3 cases (0.6 per cent); the usual inci- 
dence of such marriages in Denmark is 1.2 per 
cent, according to Kemp. (4). 

The number of cases found of relatives suf- 
fering from disease was subjected to statistical 
evaluation, and compared with the figure which 
might be expected from the ordinary population, 
the standard material used being the figures from 
1947 provided by F remming (3). Psychoses are 
no more frequent than would be expected. The 
tendency to epilepsy was in the direction of more 
cases observed than were expected; but the dif- 
ference is not significant. The number of suicides 
among the female relatives of the mongols was 
greater than calculated from the standard mate- 
rial, but this may at least partly be due to the fact 
that a large proportion of the relatives of the mon- 
gols belong to the metropolitan population. None 
of the parents could be characterized with cert- 
ainty as mentally defective, and mental deficiency 
was no more frequent among other near relatives 
than was to be expected. The incidence of mental 
backwardness (inferioritas intellectualis) and 
alcoholism was the same in the propositus mate- 
rial and the standard material. More cases of 
nervousness and neurosis were found among the 
mongol relatives than in the standard material; 
this difference was especially pronounced 
among the mothers. With regard to congenital 
Physical malformations and deafmutism, there 
were no special tendencies found, except for a 
relatively great number of cases of deafmutism 
among the brothers and sisters of the mothers. 
Likewise, a relatively great number of cases of 
Graves’ disease were found among the female rela- 


tives; the observed number was 16, while the 
calculated figure according to Bartels’ (1) stan- 
dard material was 8.7. The divergence is how- 
ever not significant with respect to the 5 per cent- 
limit. 

No evidence has thus been found to support the 
view that mongolism or other forms of mental 
deficiency, neuro-psychiatric diseases or congeni- 
tal defects are particularly frequent among the 
relatives of mongols. 


ETIOLOGICAL SIGNIFICANCE OF 
MATERNAL FACTORS 

Mention has been made of ‘he advanced age 
of the mothers at the time of birth of the mongol. 
In addition, many other maternal factors have 
been found which can be linked with the etiology 
of mongolism; reference should be made to the 
1953 monograph for the documentation hereon 
(6). 

A relatively greater number of long intervals 
between the time of marriage and the first preg- 
nancy were found in the cases where this resulted 
in a mongol, than where a normal child was born. 





Table 7. 

Distribution of mongol births according to conception 
order. 

Conception order 1 2 3 4 5 6 7 8 29 total 





93 108 89 58 52 27 18 21 52 518 


Mongol births ..…. 


Births in Denmark 
1938 —1940...... 91 90 74 57 58 46 23 17 62 518 





Likewise, it was possible to demonstrate a signi- 
ficantly longer pregnancy-free interval before and 
after the mongol than between normal births with 
the same birth order. The longer interval before 
the mongol must be biologically conditioned, 
while on the other hand the long interval after 
the mongol can be often explained by the parents’ 
fear of having still another defective child. It 
further appeared that the mongol is not in gene- 
ral - as is often assumed - “the last in a large 
family of children” (Table 7). Surprisingly many 
were the Ist to 4th in the family. All the factors 
mentioned tend in the direction of reduced re- 
productive faculty in the women in question; this 
is hardly due to incipient climacterium, which 
was only found in 5.4 per cent of the mothers at 
the time the conception of the mongol child oc- 
curred. It was found that the menopause of these 
mothers set in somewhat later than in the average 
population. 

It was striking that in the period around the 
mongol pregnancy (3 vears before and 3 vears 
after) an accumulation of diseases was found in 
the mother, and gynaecological diseases in parti- 
cular were frequent; approximately 15 per cent 
of the mothers in this period underwent curet- 
tage. It was also remarkable that after the mon- 
gol birth there was a significantly higher freq- 





164 


DANISH MEDICAL BULLETIN 


Vol 3 no 5 





uency of abortion (16.5 per cent) than before 
(9.7 per cent); this latter figure hardly exceeds 
the frequeney of spontaneous abortion in the 
population. 

The pregnancies which led to the birth of the 
mongols offered nothing significantly abnormal, 
and the menstruation cycle of the mothers was 
on the whole normal; no manifest sign of “ova- 
rian insufficiency” could be demonstrated. 10 per 
cent of the mothers suffered from vaginal bleed- 
ing and 7 per cent had an infectious disease, 
during the period of pregnancy; these figures arc 
so low that an etiological causal relationship is 
unlikely. 

The conclusion must be that the advanced age 
and depressed reproductive faculty of the mothers 
of mongols suggest that these women are in a con- 
dition of biological insufficiency, brought about 
by causes as yet unknown. It would be desirable 
if a more thorough evaluation of the hormonal 
metabolisin of these older women could be reach- 
ed. 


CONCLUSION 

On the basis of the present investigation, the 
questions put in the introduction can now be 
answered, to the effect that the incidence of 
mongolism among live births is 0.16 per cent, but 
dependent on the age of the mother, and varying 
from 0.061 per cent (for the age group 15-19 
years) to 1.78 per cent (for the age group 45-49 
years). The average age of mothers at the birth 
of a mongol was 35 years, against an average age 
of 29 years for women giving birth in Denmark. 
1 mongol among approx. 4,000 individuals is 
found in the population. 

The incidence found for a further mongol 
among the siblings of the mongol child does not 
vary significantly from the expected incidence; 
as a consequence of this there is no indication 
for eugenic precautions in the case of women 
who have had a mongol child once; their risk of 
having yet another mongol child is not signifi- 
cantly greater than the risk for other women in 
the same age group. 

It has not been possible to find supporting 
evidence for the idea that mongolism might be a 
hereditary disease. It seems on the other hand 
clear that various exogenous, maternal factors 
have significance for the occurrence of mongol- 


ism, first and foremost the advanced age of the 
mothers, and thereafter the demonstrated depress- 
ed reproductive faculty in these women. It must 
be along these lines that further research will 
have to be carried out, if the question of the ac- 
tual cause of mongolism is to be solved. 

The present investigation is unable 
anything as to the frequency of mongolism through- 
out the years (1923-1949). However, it migh be 
anticipated that the frequency in the population 
is increasing on account of the generally falling 
infant mortality in consequence of continually 
improving hygiene and social-economic conditi- 
ons, as well as the use of chemotherapeutics in 
the treatment of infections. At the same time, 
however, one should remember that voluntary 
birth-control reduces the birth rate in the older 
age groups in particular. In Denmark, during the 
period from 1901 to 1940, the number of women 
over 35 having children was reduced from 23.1 
per cent to 15.5 per cent. If such a development 
continues, a reduction in the frequency of mon- 
golism can be expected; it appears from table 3 
that 30 per cent of the mongols could have been 
avoided if the women in question had avoided 
having children after the age of 40 years. 

In the present investigation I have indicated 
some of the problems which in my opinion are 
of importance in connection with the question 
of the etiology of mongolism; but this is with the 
realization that the problem is exceedingly com- 
plicated, and that there is still room for intensive, 
continued research. 


to state 
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